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The purpose o£ this statement bf the Center for 
Disease Contr'?! is to reflect new data available fros clinical^ 
epidemiological and experisental studies by saking revised 
secosaendations regarding the screening, diagnosis, treatsent, and 
follovup of children vith undue lead absorption and lead poisoning. 
The ultiaate preventive goal is identification and reioval of lead in 
the environsent before it is absorbed by the child. Ontil this 
occurs* screening* diagnosis, treatment, and environmental aacageaent 
ffill continue to be necessary public health activities. Topics 
discussed in the stateaent are: (1) the background of past experience 
vith lead screening and the nature of the effects of lead on health; 
f2) aspects of screening procedures* including the goal* target 
population* schedule* aethods* and interpretation of results: C3) the 
types of procedures to be followed and tests available for diagnostic 
evaluation of the patient's lead absorption status; (^\ suggestions 
for clinical aanageaent of ch.Udren diagnosed at various risk 
deterainations (urgent risk* high risk* aoderate and low risk): (5) 
•nvironaental investigation and intervention* including coaacn 
aethods for reducing lead-based paint hazards: and (6) health 
education. The stateaent also includes a list of references and 
reprints of two papers published by aeabers of the Center for Disease 
Control: "Exposure to Lead: Sources and Effects *♦* by Dr. Herbert 
Meedleaan* and i^Treatment of Lead Poisoning*** by Dr. Julian Chisola. 
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1. Introduction 



The detection and management of children ex- 
posed to lead is a rapidly changing field. Since the Sur- 
geon General's statement **Medicai Aspects of Childhood 
Lead Pasoniag" (1970) and the subsequent statement 
by the Center for Disease Control (1975) were issued, 
oMisiderable data from cUnical, epidemiological, 
and experimental studies have become available. Ihese 
data have improved upon our knowledge of the extent 
of lead exposure, its sources, and the r^uirements for 
{^ompt and reliable identification and management of 
children at risk. Tht CDC re<x>gniz«s that there will 
doubtless be further development in this field which 
may alter or redefine our cunent understanding. 

The purpose of this statement is to reflect current 
knowledge by making revised recommeiulations regard* 
ing the screening, diagno^, treatment, and followup of 
childien with undue lead absorption and lead poisoning. 
The ultimate preventive goal is kientification and re- 
moval of lead in the environment before it enters the 
child. Unta this occurs, saccning, diagnosis, treatment, 
and environmental management will continue to be 
necessary public health activities. 

Definitions 

The terms which foUow in this section are art)i- 
trarily defmed for the purpose of this document. 

Elevated biood lead level is defined as a confuioied 
blood lead 30 micrograms per deciliter Oig/dl) or 
greater. 

Lead toxicity is defmed as biochemical [e.g. 
erythrocyte protoporphyrin* (EP) equal to or 
greater than (>) 50 MS/dlJ functional derange- 
mmts caused by lead. 

Undue kad absorption refers to excess lead in the 



blood with evidence of biochemical derangement 
in the absence of clinical symptoms. It is defined 
by confurmed blood lead le^ls of 30-69 Mg/dl as- 
sociated with EP levels of 50-249 pg/dl whole 
blood. 

Lead poisoning is defmed as existing whenever a 
child has any one or more of the following: 

1 . Two successive blood lead levels equal to or 
greater than 70 Mg/dl with or without symp- 
toms. 

2. EP level equal to or ^eater than 250 pg/dl 
whole blood and a confirmed elevated blood 
lead level equal to or greater than 50 ^tg/dl with 
or without symptoms. 

3. EP level greater than 109 Mg/dl associated with 
a confirmed elevated blood lead level (>30 
jug/dl) with compatible symptoms, 

4. Confirmed blood lead level greater than 49 jug/ 
dl with compatible symptoms and evidence of 
toxicity (e^., abnormal EP, calcium disodium 
EDTA mobili^Kition test, urinary aminolevulinic 
add excretion or urinary coproporphyrin ex- 
cretion). 

Iron deficiency exists when a child has insufficient 
iron available for erythropoiesls. This may be 
caused by inadequate ir^stion, malabsorption, 
impaired transport, impaired utilization of iron, or 
blood loss. Iron deficiency may exist with or with- 
out frank anemia. 

♦Erythrocyte protoporphyrin (EP) rciultf arc expressed in equiv- 
ilenu of free erythrocyte protoporphyrin (FEP) extracted by 
the ethyl acetate-acetic add-HQ njethod and reported in micio- 
grams per dcdliter whole blood. For the purpose of this docu- 
ment, zinc protoporphyrin and FEP sue rcfened to as EP. 
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11. Background 



As cxperiaicc with lead sacening has grown, 
awareness of the nature of the effects of lead on health 
has both broadened and deepened. In the past, medical 
attention has focused principally on the effects of severe 
exposure and resultant very high body burdens which 
are associated with classical signs ami symptoms of in- 
toxication. ^2,3,4,5 ii i5 jjQ^ apparent that lesser 
kvcU of exposure result in important biochemical altera- 
ti{Mis. ^''^ A growing body of knowkdge imiicates that 
subtle effects of lead may be express^ in altered neuro- 
psychological behavior of conskierable ^gniflcan^, es- 
pecially to the growing child (see Appendix A). Th^ 
altered behaviors may be rccopiized by parents, 
teadiers, ami clinicians as attentional disorders, learning 
disabilities, or emotiemal disturbances which impair 
progress in school S,9,I0 Because of the large number 
of children involve, these adverse eflects would appear 
to be the main cause for societal concern. 

Large scale screening studies of children without 
symj^oms have demonstrated that the number of chil- 
dren found with undue lead absorption is greater than 
previously thou^t. It was <mce considered to be a prob- 
lem primarily of the inner part of Urge cities in the 
so^alled "Lead Belt*' of the Northeast. However, when 
diildren under the age of 6 years who live in a hazardous 
«ivironment containing excess lead are tested, 3 to 20 
percent will be kJentified with elevated blood lead levels, 
lliii is true whether those children live in th^ East or 
West, North or South, or in a rural or urban »tting* 
Thus, the magnitude of the prc^lem is greater ax^ the 
cooseqi^ces more severe than previously thoi^t. 

At the same time, the multiple sources of lead 
have come under increasing sautiny . Lead-based paint is 
the most important *^hi^ dose*' source of lead and the 
most common cause of serious lead pois^ming in chil- 
dren. ^f^^t^^ The total body burden of a given indi- 
vidual, however, is a complex sum of many different 
vectim, incJiiding air, dust, dirt, and diet (sm 

Appendix A). 

A number of factors can affect the absorption of 
lead. Youn^ children absent) a greater proportion of 
the available lead than oMer ones. Both respiratory and 



alimentary absorptipn of lead are depemient on particle 
aze. ^'^^ Composition of the diet is important. In- 
creased dietary fat and decreased dietary intake of cal- 
cium, ircm, and possibly other nutrients enhance the ab- 
sorpticm of lead from the intes:ii;e in experimental ani* 
mals. 6fi5,l6,l7 Absorb^i lead is distributed through- 
out soft tis$i» and bone. Blood lead levels reflect the 
equilibrium between absorption, excretion, ai^ seques- 
tration in soft and hard tissue. 

The tissues and organs most severely affected by 
lead are tl^ bone marrow, idkiney, and brain. One of the 
biochemical systems most senative to lead effects is the 
heme bic^ynthetic pathway. Among the earliest signs of 
impaired function is an elevated £P level which results 
from direct action of lead on the mitochondria. Because 
EP elevation is an early and reliable measure of func- 
ticHial impairment due to lead ami because its determina- 
tion avoids the problem of false high values due to con^ 
tamifution with lead, EP has become an important tool 
in early screening of asymptomatic children. 

It is vital in following the text of this document 
that screemng be se^^rated from diagnosis. Screening 
means the application of detection techniques to large 
numbers of children considered asymptomatic in order 
to determine the degree of lead exposure ai^ risk. Diag- 
nosis, on the other hand, means the categorization ^ 
given child appearing to have excess expc^ure to lead 
according to the severity of burden and toxicity in order 
to institute appropriate management* No child with sug- 
gestiw symiHoms of l^d toxicity should be put througji 
the screening i^ocess. He or she shouki be brought di- 
rectly to medical attention. 

The symi^oms o/ lead poisoning are often vague* 
Among the milder sym^rtoms and signs are fatigability, 
pallor, malaise, appetite loss, irritability, sleep disturb- 
ance, stidden behavioral change, and de^lopmental re- 
gr^on. Of more serious import are clumsiness, ataxia, 
weakness, abdominal ptin, persistent vomiting, constij^- 
tioQ, aiui changes in consciousness which can presage 
encephalopathy. Children who display symptoms require 
urgent and thorough diagnostic evaluation and i^ompt 
treatment shouki the disea^ then be conHrmed. 



III. Screening 



Goal 

The goal of any diildhood lead poisoning pre- 
vention effort is the prevention of undue lead absorption 
and lead poisoning. This requites the early detection of 
children with undue lead absorption followed by effec- 
tive medical and environmental intervention before the 
child reaches the stage of overt lead poisoning. The 
achievement of this goal can be accomplished only by 
the implementation of the following: 

1. A saecning program structured to enroll the 
maximum number of children in need of fol- 
lowup while at the same time excluding chil- 
dren not umiuly exposed. 

2. A referral system that insures a comprehensive 
diagnostic evaluation of every child with a posi- 
tive saeening test. 

3. A method of monitoring for quality and appro- 
priateness of the treatment and followup of 
every diagnosed child. 

4. A system to insure elimination of the source of 
the child's lead exposure. 

Screening is of no value without prompt, 
thorough, and ongoing mediod and environmental fol- 
lowup of those children found to have undue lead ab- 
sorption or lead poisoning. 

Target Population 

The saeening effort should be focused on asymp- 
tomatic children known or suspected to have been un- 
duly exposed to lead. The target population for screen- 
ing is children from 1 y«r of age until their sixth birth- 
day wito live in or frequently visit poorly maintained 
housing uniU constructed prior to the 1960's or who are 
exposed to other hazardous le^ sources (c^., residence 
tmi lead smelters and processing plants or roadways 
with heavy motor vehicle traffic, attendance at day-care 
centers or other institutions where lead-based paint h^ 
been found, etc-). Priority should be given to children 12 
to 36 months of age, those who have a history of pica, 
or who have siblings with undue lead absorption or lead 
poisoning- Pka, the repetitive ingestion of nonfood sub- 
ftinccf, is pievalcnt in prcsdiool children, espcdaliy 
those less than 3 years of a^. Excess! w mouthing of 
f<»dgn objects is also prevalent in this a^ range. 



Screening Schedule 

Children included in the target population are at 
risk throughout the year and should be screened at least 
once per year. Children are at higher risk during the 
May^ktobcr period, ideally, children 12 to 36 
months of age who are at risk should be screened every 2 
to 3 montlis during this period. 

It is important to realize that negative screening 
tests in cluldren from a hazardous environment do not 
rule out subs^uent exposure. Children known to be at 
risk should therefore be rcscreencd at regular intervals 
until they reach the age of 6 years or until their hazard- 
ous exposure is known to have been terminated. 

Screening Methods 

Cuncntly, the most useful screening tests are EP 
and blood lead determinations.2^'2^22,23 Samples of 
venous or capillary blood* may be used for botli tests, 
but capillary samples are more wkiely used because of 
the relative ease of collection. 

Hood lead and EP represent different parameters 
of undue lead absorption or poisoning. Blood lead re- 
flects absorption while EP measures the adverse meta- 
bolic effects of lead on heme synthesis.^^ WMe there is 
usually a close correlation between the two measure- 
ments, one may be elevated without concomitant in- 
crease of the other. Studies have indicated that when 
such disaepancies exist, EP provides a better indicator 
of the risk of lead poisoning and of the urgency of diag- 
nostic evaluation. At blood lead levels below SO Mg/dK 
the EP better identifies children with rising blood lead 
levels and may not detect those diildren with stable or 
declining blood lead levels. Current evidence suggests 
that these latter children are at low risk.^^ Moreover, EP 
levels reflect individual responses to lead toxicity and are 
usually elevated before clinical evidence of poisoning ap- 

20,21,22,26.27 Another advantage of EP over 
blood lead is that it is unaffected by contamination with 
environmental lead and does not show wide fluctuations 
due to sporadic exposure to lead or changes in the 
child's physiologic state (infections, acidosis, etc.). 

♦Capillary blood may be transported In the liquki state in an 
appropriate anticoagulant containing container or in the dry 
state on niter paper. 



EP is ilso elevated in iron deficiency states, and 
increased EP levels may precede the appearance of anem- 
ia. Iron deficiency should therefore be ruied out before 
an elevated EP level cjui be attributed to the toxic effects 
of lead. However, undue lead absorption and iron defi- 
ciency do coexist, and the latter tends to potentiate lead 
toxicity. 

Iron deficiency is generally associated with moder- 
ately increased EP levels (50-249 mJdl) while markedly 
elevated values (>300 ^g/dl) are usually due to lead toxi- 
city. The only known exception is erytliropoietic proto- 
porphyria,'**^® a rare genetic disorder characterized by 
stvere cutaneous photosensitivity and very high EP levels. 

EP may be measured by fluorometry after extrac- 
tion from the red cells or by direct measurement of its 
fluorescence in intact red cells,^*'^' This metabolite is 
present in the red cells as zinc protoporphyrin, but zinc 
is removed by the extraction procedure, leaving the EP 
**frec/' Measurement of zinc protoporphyrin and EP 
after extraction reflects essentially the same compound. 
For uniformity, it is recommended EP be expressed as 
equivalents of free erythrocyte protoporphyrin (FEP) 
Mg/dl of whole blood by the ethyl acetate-acetic aciJ- 
HCl extraction method. 

Unlike EP, blood lead is specific for lead absorp- 
tion. Wide fluctuations in blood lead values can be due 
to physiologic variations or sporadic acute lead exposure. 
Measurements of blood lead, particularly when done on 
capillary samples, are highly sensitive to contamination 
with environmental !cad. Therefore, only low blood lead 
values can be considered valid; high values must be con- 
firmed. If capillary samples arr used for blood lead 
analysis, at least two specimens should be collected so 
that high values may be confimied on the duplicate 
sample. 

Laboratories performing these blood lead and EP 
determinations should participate in the Proficiency 
Testing Program of the Center for Disc^ Control or 
an equivalent program to help insure accurate test results. 

Screening Schemes 

There are three possibilities for the screening scheme; 

1 . Initial screening with EP, followed by blood lead 
measuremrat in positive children. 

2. Initial screening with blood lead, follow^ by EP 
measurement and repeat blood lead in positive 
children. 

3. Initial screening with both EP said blood lead. 
The difficulty of performing venipuncture at many 

screening sites and environmental contamination of capil- 
lary samples seriously limit the use of blood lead deter- 
minations as the initial test in large scale screening ef- 
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forts. The children at greatest risk are those with adverse 
metabolic effects of lead and not tliose with a moder- 
ately elevated blood lead level witliout adverse metabolic 
effects.^ ^ For the above reasons, and due to the availa- 
bility of simple methods for its determination/ ^ llie EP 
measurement as the initial test will allow for greater 
numbers of children to be screened with less unnecessary 
foUowup. 

The Center for Disease Control recommends that 
an EP test be used for screeningfor lead poisoning follow- 
ed by blood lead measurements for all children with an 
elevated EP. This recommendation is made because the 
EP has the following advantages: 

1. Ease of measurement. 

2. Results not affected by environmental lead. 

3. Greater cost effectiveness. 

4. Value in separating those children with rising 
blood lead levels from those with stable or declin- 
ing blood lead levels. 

5. Reflection of indisiduars metabolic response to 
lead. 

6. Added benefit of detecting diildren who may have 
iron deficiency. 

Since the major cost incurred in the screening process 
is finding the child, sufficient blood must be obtained 
at that time for EP as well as blood lead and hematocrit 
(Hct) or hemoglobin (Hgb). This will eliminate a second 
visit to obtain additional samples. If the EP dctemiina- 
tion is less than or equal to {<) 49 Mg/di whole blood, 
the remainder of the sample may be discarded. 

When EP is the primary screening tool, two ap- 
proaches are possible: 

1. EP measured onsi^e. Under this plan, chilarcn do 
not leave the screening site until the result of the 
EP is known. Children found to have EP values of 
< 49 jug/dl may be discharged to routine followup. 
For those with values of > SO ^g/dl, blood speci- 
mens should then be taken, if possible by venous 
samjrfe, for laboratory analysis of blood lead and 
Hct or Hgb. If venipuncture is not possible, sepa- 
rate capillary samples for two blood lead analyses 
and Hct and Hgb should be obtained. 

2. EP measurement offsite. Under this plan, blood 
samples are collected at the so-eening site and sent 
to the laboratory for analysis. Thus, sufficient 
samfde should always be collected initially not 
only for EP but also for confirmatory tests. The 
remainder of specimens from those children whose 
EP levels are < 49 ^g/dl may be discarded. For 
those specimens with EP values of > 50 ^g/dl, 
blood lead and Hct or Hgb should be determined. 
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Interpittation of Screening Results 

A single sawning test, either EP or blood lead, 
cannot be used to categorize children for priority of 
foltowup* Both EP axKi blood lead vaii^s must b used 
to determine the potential risk of 1^ poisoning in chil- 
dren $cre6ned. 

Children may be dividwi arbitrarily in four classes 
based on their EP and blood lead saeening results (Table 
I) This dassificauon merely suggests the relative ride of 
lead poisoning and the priority for medical ev^uation 
and environmental intervention. Ir should not be used as 
a diagnosiic classifioition. Moreover, the table should be 
used as a general but not as a ri^d guideline. For ex- 
ample, the urgency for followup is greater fov a 2 year 
old child whose EP is 109 f^dl and blood lead is 49 
Mg/dl than for a Shi year old child whose EP is SO Mg/dl 
and blood lead is 30 ^ig/di. Yet both diildren fall into 
Class II. Since a certain range of both EPaiul blood lead 
values is used in the classification, children whose EP 
and blood lead values fail into the upper range of a class 
should bti given priority over those at the lower range, 
and young children 12 to 36 months old should be dealt 
vhith more urgently than older ones. 

CUis IV children are a.t urgent risk of lead poison- 
ing and should be provided immediate medical evalua* 
tion. In no case should they be evaluated later than 48 
hours after the results of the ^iwlies arc known; if pos- 
sible, this should take place within 24 hours. Class III 
children are at hi^ risk, Class II are at moderate risk, 
and Dass I children at low risk. 

Some Class I children may be {daced into two 
additional oitegories. Qass la are childr^ with iron deH* 
dency, and Qass lb are children who appear to have 
transient » stable, or declining blood lead levels and are at 
low risk for lead poisoning. The trend of exposure 
should be determine bv repeat testing of these children. 
Ihe result! of EP and blood lead will usually fall in 



the corresponding range. However, in some cuses, there 
will be discrepancies. In these cases, the result of the EP 
should be used in establisliing the priority for medical 
evaluation. When the EP value is significantly greater 
thsin the blood lead would predict, this finding is most 
likely due to the combination of iron deficiency and 
undue lead absorption. 

The screening effort sliould be focused on asymp- 
tomatic children. However, children maybe found to be 
symjHomatic only after screening has been done. In such 
cases, these children should be referred for immediate 
evaluation regardless of the classification. 



TABLE I 

RISK CI ASSFICATIONS FOR ASY' iiTOMATlC 
CHILDREN 

[To Reflect Priority for Medical Evaluation from the 
Screening Results, 
Not to be used for Diagnostic Purposes] 

Test Eiytbrocyte Protopoiphyrin (Aig/dl 

Results Whole Blood) 

q <A9 50-109 110-249 >250 

^ Not done 

3 30-49 
I 50^ 
a >70 



1 
I 

ib 
mm 



la 
II 
III 



la 
III 
III 

IV 



EPP+ 
III 

IV 

IV 



EPP* * Erythropoietic protoporphyru - AHhough rarely 
iron dcfidcncy may cauK EP^clcv^lions to 300 

* - Bk>o4 lead necessary to estimate risk. 

» Combimtion of results not gencraiiy observed in 
pnctJoc; if observed, retcst with venous blood im- 
niMSiately. 
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IV. Diagnostic Evaluation 



Saecning tcsu tit not diagnostic. Thttcfore, every 
child with poiitive screening te%t$ shouki be ev;Uuated 
individuilly to deiermine the seHoumess of the ex- 
posure. At the initial diagnostic evaluation, if the screen- 
ing test WIS done <m cajHlbry blood, blood lead must be 
repeated on venous blood for confirmation of screening 
test results. Additional blood may be nec^sary for such 
tests u complete blood counts, serum iron, total iron 
binding capacity » and s^um ferritin if available. The 
amounts necessary for these tests, whidi usually exceed 
the amount obtainable by capillary samite, can be c^- 
tained during a single v»iipuncture. 

Hematdogic tests assist the cliiudan m evaluating 
the relative contributions of increased lead body burden 
and iron deficiency to the degree of eleviticMi in £P that 
is found* A blood lead measurement is absolutely essen- 
tial if EP is used as the sole screening test . 

After confirmatory venous blood lead and EP 
tests, ti» diagnostic evaluation shouki indiuie the fol- 
lowing: 

1 * Detailed history to include the presence or ab- 
sence of clinical symi^oms, diild's mouthing 
activitiei, existence of pica, nutritional status, 
family history of kad poisonii^, possible 
source of exposure, aiKl previous blood lead or 
EP determinati(ms. 

2* Physical examination. 

3. Nutiitkmal status and I^matdogic evaluation 
for iron deficiency* Not rnily do^ concunent 
iron deficiency contribute to an elevated EP^^, 
but there is evidence that it may enhance lead 
i^»(^pti(M) and toxicity. ^'^^^ 

4. Conflrmati^ diagnostic tests. 

An initia] plan for maoagem^t requires that all of these 
i ntera rtin g Uctwt be taken into a^unt. The initial 
plan should be nKxiifled u indicated by long-term trends 
in lead al^ption, exposure, and clinical status. 

Teifs 

In addition to confimutory and s^ial EP and 
b!ood lead determinations, the following te^ti may be 
uwfid if availj^le in asaming the patient's lead absorp- 
tion statu: 



1. Flat Plate of Abdomen 

Radiologic examination (flat plate) of the ab- 
domen may reveal radiopaque foreign material 
but only if such material hasb^n ingested dur- 
ing the jxeccding 24 to 36 hours. In view of the 
sporadic nature of lead ingestion, this examina- 
tion is sigiificant only if positive, but does not 
rule out lead poisoning if negative. When posi- 
tive, it indicates recent ingestion of large 
amounts of lead. 

2. X-ray of Long Bom 

Radiogra{^c e>4amination for bands of in- 
creased density at the metajAyscs of the grow- 
ing long bones. Bamis of increased density (col- 
loquially referred to as **icad lines**) are usually 
measured in posterior-anterior x-ray views of 
the distal ends of the r^ius and ulna and the 
knee (distal femur, proximal tibia and fibula). 
Bands of increased density, when present, re- 
flect disturbance in the deposition of bone min- 
eral and indicate past exposure. Their width 
and intensity reflect prolonged previous lead 
absorption but do not indicate current inges- 
tion. They arc seldom seen in children under 24 
months of age. Negative tests do not ri^le out 
lead poisoning, 

3. Calcium Diaodium EDTA Mobilization Test* 
Children who are symptomatic or whose blood 
le^ cxce^is 70 Mg/dl should not receive a pro- 
vocative chelation test. Instead, appropriate 
delation therapy should be instituted. It is par- 
ticularly useful when the screening tests indi- 
cate that the child has uiulue lead absorption 
(not lead poisonini as defined), and there is 
some question as to whether chelation therapy 
is iiMiicated. Its use shouki be given serious con- 
sideration. Tliis test i^ovides an index of the 
mobile or potentially toxic fraction of the total 
body lead burden .^^ Operationally, it most di- 
rectly demonstrates whether chelation therapy 
will {^ovoke a significant diwesis of lead. 



*Soditt) 1 EDTA whidi ckm not cootsin calcium should not be 
used uoder my cir cumfttncer 
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The idead method is to idminister calcium di* 
scxiium EDTA witli addi^i procaine by deep in- 
tramu$cular injection in two doses of 500 miUi- 
grtms per sqiurc n»tcr (mg/m^) of body sur- 
face area per dose given at 124iour intervals. 
Urine U collected fc^ 24 hours with ^lead-free'' 
apparatus* after ti^ init^ injecticMi.^^ A single 
dose, followed by a 244iour collection of urine, 
will also sufflee.^^ In either case, results are 
expressed as the ratio of ^% of lead excreted per 
milligram of calcium dlsodium EDTA injected. 
A ratio O^g Fb/mg CaEOTA) > 1 is indicative of 
a fivefc^ increase in the mobile or a potentially 
toxic fraction of the tot*a body lead burden.^^ 
Coneiation studies suggest that such levels are 
associated with a si^Hcantly inaeas^ risk of 
toxicity due to lead.^^ 

Practical considerations make this test diffi- 
cult in young children. Alternatively, a single 
intramuscular dose of SO milligrams per kilo- 
gram (mg/kg) of body weiglit of calcium di- 
sodium EDTA (maximum dose 1,000 mg) foi- 
lowed by quantitative 6- to 8-hour collection of 
urine is more conveiuent." Under these condi- 
tions, an excretion ratio (Mg Pb/mg CaEDTA) 
of > OS or lead content greater than 1 mg per 
liter is considered "positive". 



*Sp«dal **U»d-Crec** coUoction apparatus must be used for vaiki 
lett resists. The laboratory perforsoinf the amlyftf may supply 
the proper collection apparatus. It is preferaUe that urine be 
voided directly into polyethykoc of potypropyloie bottles 
vkiads ha>« be^ subjected to the ia! deamng s^ocedures, fol- 
lowed by washing in 1 percent nitric add, foUowed by copious 
rinsei with deksnized, distilled water. For duidren who are not 
toilet traiodd, double compartment ^huk pediatric urine col- 
lectors may be Uied. Urine ooUected in this manner ihoukl be 
transferred directly in the urine collectioft bottles. Appropriate 
preaervation of the collected urine with hydrochloric acid will 
stabilize not only lead but also ALA.* ' 



iDcretai^ excretion of 6-«nuiK)IevuItnic add in 
uiinc (ALA-U)35 

ALA-U peater than 3 mg/m'^ for 24 hours is 
considered a significant deviation from normal. 
Increased excretion of coproporphyrin in urine 
(CPU) 

A stron^y positive semiquantitative urinary 
coproporphyrin test is associated with blood 
lead concentrations >100 ^j^di.^' 
Inhibition of S-aminoIevuUnate dehydratase 
(ALA-D) activity, as assayed in vitro in circulat- 
ing erythrocytes 

This test is limited in its availability but if avail- 
able is useful. Reduction of ALA-D activity to 
15 to 20 percent of normal for the 
method^**^^ is generally considered positive; 
however, the reader is advised to consult the 
references dted. 

Exammatioa of rrd cdls for basophilic stippling 

Since basophilic stippling is not universally 
found in chronic clinical lead poisoning and is 
relatively insensitive to lesser degrees of lead 
toxicity, this is not ronsidered useful in diagno- 
sis. 




Since trends are important, serial measurements of 
blood lead and BP (and other tests as indicated) are far 
more valuable in diagno^^s and management than data 
obtained at a single point in time.-^^ 
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V. Clinical Management 



The dassiflcation system descrU^ed under the 
saecning section is to be modified by the results of the 
diagnostic evaluation, in this manner, after all infonna- 
lion is available to the clinician, the child's true risk 
classification is esUblished. Ginicai management in*- 
dudes reduction of the child's lead exposure, general 
pediatric care, family education for all, chelation ther- 
apy for some when appropriate, and conccUon of nutri- 
tional dcfidendes where they exist. The plan for clinical 
management requires that all of the interacting factors 
of lead absorption, exposure, age, and dinical status be 
taken into account. In addition, the child mi^t be fol- 
lowed until the risk of further damage is minimal. Re- 
duction in ingestion of lead is the single most important 
factor in pediatric management. Hie family of the child 
with undue lead absorption or lead poisoning must be 
fully informed of the condition and what dinical and 
environmental actions to expect. 

Treatment of lead poisoning requires a dear under- 
standing of the pathojAysiological effects of lead in the 
human body. The physician aiui others caring for the 
child must recognize that !e^ poisoning is usually a 
chronic disease, related generally to the chrcmic inges- 
tion and absorption of excess quantities of lead. Body 
stores of excess lead may be quite large ax^ are quite 
incffidcntly removed by dielation therapy. Acute illness 
is only a period of acute decompensation in this chronic 
disease process and should be viewed as such. Treating 
during a phase of acute iUne»s will relieve symptoms but 
is c^y the initial fdiase of care. 

Hie cornerstones of clinical management are care- 
ful clinical and laboratory surwillance of the child with 
major reduction of lead exposure to pre^nt further ac^ 
cumulation of lead. This also allows spMtai^us excre- 
tion of {deviously absorbed lead« Chelaticm therapy will 
not be necessary for moft diikiren. &iggestions for the 
dinical management of children are outlined in this sec- 
tion and are dependent upon the risk determinations 
made during diagmistic evaluation. 

For the purposes of dinical managemeiit, the risk 
categOTies are defined as fdiows: 

Urg€nt RUk - Childrca with confirmed lead pd- 
iomng as deHned, re^^dleis of the presence or 
absence of clinical symptoms. 



High Risk - Children whose repeat EP and con- 
firmatory venous blood lead levels fall in the same 
range as Gass 11 and Class III of the screening tests 
but who also have a positive CaEDTA mobiliza- 
tion test or other confirmatory dia^ostic tests. 
Class in children who have not had confumatory 
dia^ostic tests should be conskiercd high risk un- 
til evidence is available to place them in another 
risk category. 

Moderate Risk - Children whose repeat EP and 
venous blood lead levels fall into the ^me range as 
Class n of the screening tests but whose other con- 
firmatory diagnostic tests arc negative. 
Low Risk ~ Children whose repeat EP and venous 
blood lead levels fall into Class I of the screening 
tests. These children are usually not given other 
diagnostic tests. 
The above categorization is arbitrary' and allows indi- 
vidualization. For example, a 20-month old child with 
persistent pica whose environmental lead hazard rinnot 
be controlled satisfactorfly, even if his/her repeat EP and 
\%nous blood lead levels fall in the range of Class II and 
other diagnostic tests are negative, may nonetheless be 
considered High Risk. 

URGENT RISK 

Childr«i with confirmed lead poisoning as defined, 
re^dless of the presence or ab^nc^ of dinical symp- 
toms, should be treated v/ith the same Intensity as chil- 
dren with frank neurologic manifestations. The higher 
the confirmed venous blood l^d, the greater the ne^ 
for chelation therapy. Severe and permanent brain dam- 
age may occur in as many as SO percent of children who 
develop acute encejrfialopathy.^ Treatmentlbefore onset 
of encej^opathy will improve this grim prognosis. 

Chisohn and Coffin et al^ have described 
appropriate protocols for inpatient chelation therapy of 
diildren with lead poisoning. Multiple courses of chela- 
tion therapy may be necessary. It is essential to consult 
such references before treating children in order to prop- 
erly appreciate the inherent dangers, precautions, and 
rationale for such treatment. Spedal attention should 
be ghrcn to the proper use of British anti-lewisite (BAL) 
in the treatment scheme with caldum disodium EDTA. 
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Penicillamine is m>/ reciMnniended us tlic initial treat- 
ment for clnldren in tins category. 

The cluonicity oi lead fxiis4)ning and undue l^'ad 
absorption as a medical problem tor the individual child 
must be emphasized. Children who require chelation 
therapy will require long-term medical surveillance and 
care. A transitory elevation of' tiie liP may aiso be ob- 
served during and imniediateiy after chelation therapy. 
After an apparently successful couisc of therapy with 
caictum disodium LiiTA incorporating BAL as neces- 
sary, the *'rebound'* plienonienon may be observed. Hie 
bitK)d lead leveK having dropped during treatment, al- 
most invariably rises agam. Tins i henomenon reflects 
reequilibration of stored lead and is not a reason to in- 
terrupt treatment. Tfie decision to repeat chelation ther- 
apy is based on the blood lead level after the "rebound'' 
has occurred. 

Reduction of lead inta^%e is urgent for all children 
in this category, both as part of immediate therapy and 
as a part of the followup preventive procedure. Children 
receiving chelation therapy sliould not be released from 
the hospital until lead ha/iirds in their ironies and else- 
where in their environment are controlled or suitable 
alternative housing arranged. Thus, the appropriate pub- 
lic agency in the community must be notified imme- 
diately to initiate environmental investigation and inter- 
vention. 

After hospilali/ation and removal of lead from 
their environments, these children are still at high risk 
and sliould be followed with blood lead and/or erythro- 
cyte pri>toporphyrin determinations at 1 to 2 week in- 
tervals until those levels siiow a contitmal decline for at 
least 6 months or stabiii/e. Tfiereafter, they siiouid be 
followed at 1 io 3 month intervals (a! leas! {>-week inter- 
vals in sununer months) until b years of age or oider to 
prevent repealed poisoning. 

Neurological and psychological assessment sliould- 
be obtained at the tune of diagnosis and in following 
years so that proper therapy and sciiool placement can 
be instituted. Additional clinical and laboratory i' valua- 
tion should be conducted when indicated to assess other 
sequelae of lead poisoning, sucli as renal, myocardial, 
and metabolic disorders, 

HIGH RISK 

Many children in the high risk category will have 
been given a calciuni disodium lilJlA mobilization test 
U) determine the utility of chelation therapy. If the cal- 
cium disodium 1T)TA mohili/alion test suggests the 
need for clielalion tlierapy, inpatient chelation should be 
performed if feasible. Under some conditions, it may be 
pi)ssible to trea! the children without urgent risk factors 
as outpatients. However, this should be reserved for cen- 
ters capable ot providing closely monitored outpatient 
care and followup supervision. Particular emphasis 
sfiouid be placed on the "rebound" phenomenon and 



environmental intervention and monitoring. In addition, 
the parents should be coo; erative and demonstrate that 
they are able to follow instructions. In sucii circum- 
stances, calcium disodium I'DTA may be administered 
according U) Sachs*"* ^ protocol. 

Penicillamine, though receiving increasing atten- 
tion for the treatment of lead poisoning in children, is 
not licensed by the Fotxl and Drug Administration 
(FDA) for this purpc^se. llierefore, any physician or pro- 
gram wishing to use this drug as a chelating agent for 
children should use it in accordance with current FDA 
policy. In no case should it be used in children without 
or in lieu of contiol of lead hazard in their homes since 
data from studies of amrnals indicate it may increase the 
absorption of lead.**" 

Higli risk children sliould be followed with blood 
lead and/or erythrocyte protoporphyrin determinations 
at least monthly, especially in the summer, until the 
sources of lead in their environment have been removed 
and until their blotxi lead and/or erythrocyte protopor- 
phyrin levels have declined for b months and stabilized. 
Thereafter, they should be followed at 1 to 3 month 
intervals (at least b-week intervals in the summer) until 6 
years of age or older in order to detect repeated lead 
exposure and prevent poisoning, Caieful neurological 
and psychological assessment is advised to detect any 
behavioral or neurological deviation early so that proper 
therapy and school placement can be instituted. 

MODERATE RISK 

Based uptni present evidence, children in this cate- 
gory generally will not require chelation therapy. Reduc- 
tion of lead intake from all S4.iurces and careful monitor- 
ing of the child will usually suffice. 

Utitil the lead ha/iirds are eliminated from their 
environment, these children should be followed at 
monthly intervals in summer and otherwise at 2'month 
intervals until at least 6 years of age. After they are no 
longer exposed to lead hazards, they ^iouid be evaluated 
at 3-month intervals. Such followup should continue un- 
til the child is at least 36 months of age or until the 
blood lead/erythrocyte protoporphyrin levels return to 
normal. 
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LOW RISK 

These children did not have significant evideiK^ of 
undue lead absorption at the time of testing. However, 
they require periodic resaeening until they reach their 
sixth birthday. Children whc^c EP elevation is not 
caused by lead absorption should receive appropriate 
medical at ntion and care for the medical condition 
determined to be responsible for the elevated EP. Giil- 
dren with elevated biood lead in the absence of toxidiy 
should be evaluated at monthly intervals until a deter- 
mination is made that the child does not have undue 
lead absorption. This decision can generally be made 
within 3 months. 



In conclusion, clinical management of lead poison- 
ing must include appropriate treatment, adequate foi- 
lowup, environmental intervention, and family educa- 
tion. Chelation therapy is indicated for some children 
with undue lead absorption. Though indiscriminate 
chelation is unwise, withholding or delaying chelation 
therapy is also unwise when it is indicated. The physi- 
cian providing clinical management must know the cur- 
rent status of the child's environment. The optimal fre- 
quency of foUowup is dependent on many factors in- 
cluding the child's age, environmental status, and trend 
of laboratory results. 
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VI. Environmental Evaluation and 
Lead Hazard Abatement 



EnvironmenUl investiption and inicrvention 
should begin as soon as lead poisoning or undue lead 
absorption status is confun^d. Lead hazards must be 
identified ami removed from the environments of chil- 
dren with iead poisoning and undue lead absorption. Pri- 
orities for action ihould be determined by the child's 
ride ci?5Sification. Children who require hospitalization 
and chelation therapy are at highest risk of permanent 
neurologic damage from a recurrent episode and con- 
tinued hi^ kjvel exposure. Therefore, children in the 
Urgent and Hi^ Risk categories should receive first 
priority for environmental investigation and interven- 
tion. The next priority is given to the environment of 
children in the Moderate Risk category. 

The identification of lead hazards and the reduc- 
tion of lead intake of these children is as much a m^ical 
necessity as is clinical management. The effectiven^ of 
environmental intervention is judged by the response of 
the child and not by the services perform^. Environ- 
mental management is not successful or complete until 
the child's EP and blood lead levels have decline and 
stabilized for at least 6 months. The identification and 
removal of one source of lead exposure does not neces- 
sarily mean that the child's exposure to lead has emled. 

Lead-based paint on interior and exterior surfaces 
is usually the most important single source of iead for 
severely poisoned children. However, there are other 
sources which contribute to the child's total lead body 
burden. Lead contained in air, dust, and soil may also 
constitute a hazard for children, Le^ in food and food 
supplements, household utensils, cxramic pottery, and 
printed matter may serve as contributory sources. The 
burning of leaded materials, remodeling of old homes,^^ 
automotive emissions, and some industrial sources lo- 
cated near residence or schools contribute to airborne 
lead and lead in dust and soil. Lead in dust and soil is 
becoming increasingly suspect as a source of lead ex- 
posure for young children, especially that within 3 feet 
of the house's foundation, inside the house, along 
heavily traveled roadways, or on vacant lots where hous- 
ing hit been removed .^^'^^ 

It is also important to consider the occupation of 
the parents and associates. Workers in lead-related ir^us- 
tries^^ can bring home lead-rich dust on the work cloth- 



ing, shoes, and hair. Lead poisoning in children has been 
traced to these sources. 

Althougii the child's home usually contains the 
source of his lead exposure, this is not always the case. 
Hazards may also exist in other places where the diild 
spends or has spent a considerable amount of time, e.g., 
prior resideni^s and homes of relatives and friends. In- 
stigators should consider all sources of lead md should 
appropriately sample all potential hazards for their lead 
o^ntent. These sources other than lead-based paint must 
be reduced or removed, or the child removed from the 
source. 

Portable x-ray fluorescence analyzers can be used 
in identifying lead-based j>aint hazards. These instru- 
ments measure lead content in painted surfaces with- 
in ±0.2 mg/cm^. Readings of 0.7 mg/cm-^ should be 
considered positive. It is important to note the lead an- 
alyzer is a probability sampling device and repeated read- 
ings are necessary for proper reliability. 

A lead-based paint hazard exists when (a)XRF 
reading is positive and (b)the surface being tested is 
reachable and chewable or contains damaged paint 
(Clicking, chipping, loose, chewed). Lead-based paint on 
intact walls, callings, or other surfaces not accessible to 
the child does not constitute an imn^diate hazard. In- 
spectors should obtain measurements on any interior or 
exterior surface that may constitute a lead hazard. This 
includes walls, doors, wiiKiow frames, baseboards, guard- 
rails, fences, and skiing. Outskle inspection should en- 
compass garages and other adjacent structures as well as 
the main building. 

After the lead hazards are identified, parents and 
landlords must be advised on the extent of the problem 
and what must be done to eliminate it. The investigator 
should recommend methods for eliminating the hazard. 
This should include repair and housekeeping measures 
that can be undertaken immediately, ^feguarding the 
child until pcrmr?'',.nt abatement can be completed. It is 
extremdy important that the physician providing medi- 
cal care to the child be informed of the results of the 
environmental investigation and the course of interven- 
tion that has been recommended. If surfaces containing 
lead-based paint are identified that do not constitute an 
immedii^te hazard, the owner, landlord, and occupant 
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should be notified and informed that the surface, if 
properly maintained, does not present an immediate haz- 
ard. 

The following outlines some common methods for 
reducing iead-based paint hazards. . 

PHASE I - EMERGENCY INTERVENTION 

Emergency measures provide temporary inter- 
vention and immediate control of lead hazards until 
permanent hazard reduction is completed. Emergency 
hazard abatement includes scraping off and removing ail 
peeling, flaking, chewed, and readily accessible lead- 
based paint. All children must be removed from the 
dwelling and adults must take due precaution dui^ng 
these activiti^. Covering with adhesive-backed paper, 
masking tape, or similar materials may also be used. 

Families should be instructed on methods of main- 
taining these areas free of loose and flaking paint until 
the hazard is permanently reduced. Housekeeping tech- 
niques such as thorough sweeping and wet mopping 
floors to remove dust are essential to maintain tcm- 
pora?y intervention. 

Emergenw^y int<*rvention must be provided for all 
children, particularly those who are hospitalized or un- 
dergo chelation therapy. They are at highest risk of 
permanent body damage from repeated exposure. 

PHASE U ^ PERMANENT HAZARD REDUCTION 
Permanent lead hazard reduction measures are in- 
tended to reduce to a minimum the possibility of the 
identified lead sources causing a problem again. Perma- 
nent hazard abatement consists of the removal or j^rma- 
nent covering of the lead hazards. Occupants should be 
advised of the proposed actions to be taken and the 
possible dangers during abatement prcKzedures. AU chil- 
dren must be removed from the dwelling, and adults 
must take due precaution during these activities. In addi^ 
tion to tiie workers following the usual good industrial 
hygienic practices, approved respirators and protective 
clothing should be worn. Lead<ontaining materials re- 
moved during this process must be disposed of in a safe 
manner. 

Wall coverings, use of heat, sanding and shaping, 
and liquid paint removers are the most frequently used 
methods for permanent hazard abatement. These meth- 
ods are outlined below: 

Wdl Cowrings 

This method is the safest to use. In many cases, it 
is tte mc«t acceptable ax^ l^t expensive. It is most 
often used for large interior areas. Acceptable wall cover- 
ings include wallboard, hardboard, fiber^ass, plywood 
paneling, or a similar flre^esistant durable material. 



These materials must be firmly appUed by nailing, 
cementing, or gluing to prevent their removal by u small 
child or by normal wear. The application must be vermin 
proof and in certain areas of the dwelling, fire letardant 
(e.g., next to furnaces, stoves, and in common hallways). 

Heat 

This method uses heat from gas fired torches, in- 
frared lamps, or other heat sources to soften tlie paint «io 
that it can be scraped off easily. It may produce lead 
fumes which are toxic if inhaled in concentrated 
amounts. Even small concentrations over 3 sufficient 
length of time can pose a hazard. It should be done only 
by experienced persons with an awareness uf the poten- 
tial danger of igniting the surface, adjacent wall areas, or 
nearby combustibles. 

Scraping And Sanding 

AU lead-based paint that is chipping, loose, peel- 
ing, or chewed or that is readily ac(^ssible to diildren 
should be scraped off. Any remaining painted surface is 
then sanded down to the base material, patched, sealed, 
and repainted with nonlead-containing materials. This 
method requires the most physical labor and is expen- 
sive. 

While scraping and sanding is being done, large 
amounts of lead dust and particles become airborne, 
ther^y temporarily incr^sing the lead hazard in the 
immediate environment. Tarpaulins or plastic floor cov- 
erings could be used during the process to collect the 
waste products. Similar procedures must be used for ex- 
terior surfaces to avoid soil contamination. Careful 
cleanup procedures including dusting, wet mopping, and 
washing must be used in the interior. 

Uquid Paint Removers 

Solvents are generally used for small areas such as 
window sills and doors. Most solvents evaporate rapidly 
and are fiamm^le and toxic. They should be used with 
the utmost caution. Proper protective equipment, cover- 
ing, and clothing must be used. The work area must be 
well ventilated at all times. 

The approach described above is reasonable and 
workable in the environmental management activities for 
children with lead poisoning or undue lead absorption. 
Ideally, it would be most desirable to develop a com- 
mimitywide code enforcement program to completely 
eliminate all lead-based paint hazards in housing. But 
until such time as societal commitment exists, lead haz- 
ard identification and abatement for children with un- 
due lead absorption or lead poisoning must be the re- 
sponsibUity of the appropriate governmental unit where 
the child lives. 



VII. Health Education 



The community and especially parents of pre- 
sdioo! diUdren who live in older, deteriorating liei^or- 
hoods should be informed at every available opportunity 
of the ne^ to hav% their duldren screoied periodically 
j<x lead poisoning. Basic pre^tive measures should be 
emphasize » sudi as regular sweeping and removal of 
accessible paint flakes and dust to reduce potmtial lead 
hazards in the child's environment. The danger of ingest^ 
ing paint chips, dust, and soil should be stre^d, (Nder 
siblings of diildren at hi^ risk shouU also be educated 
to the sources and risks of lead poisoning, as they often 
I^ovide a major contribution to the younger diild's care. 

If a child is screened and do^ not have undue lead 
absorption, there is still a risk and resaeening is re* 
quired, particularly during the summer months, until the 
sixth birthday. Until hazard-free housing is available for 



all, periodic screening afid the practice of basic interwn- 
ticm measures will reduce the risk of lead poisoning. 

The ^ucationai process should start when the 
child is screened and should be reinforce by physicians, 
nurses, environmentalists, and aides each time the child 
is seen. Where a child is foui^i to have undue lead ab* 
sorption, education of the family is essential to success- 
fully follow the child. The family of the child with un- 
due lead absorption or lead poisoning must be fully in- 
formed of the Mndition and what clinical and environ- 
maital actions to expect. The {^rents' responsibility is 
to SM that the child is not expo^ to lead hazards in the 
future. Tliis can only occur when they have a full under- 
standing of the diild's condition, its cause, and the pos- 
sible result of lead poisoning. 



VIII. Reporting of Lead Poisoning 
and Undue Lead Absorption 

PresumfAive and confirmed cases of lead poisoning by pe.sons in charge of screening programs. All labora- 

and undue lead absorption should be considered a notifi- tories performing blood lead or erythrocyte proto- 

able condition which must be reported to the appro- porphyrin determinations also should report abnormal 

priate health agency by primary care physicians and findings. 
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Appendix A 

EXPOSURE TO LEAD: SOURCES AND EFFECTS 
by Herbert L, Nccdlcnun. M.D 

Reducing exposure to lead and its consequences to Interference' with giobin synthesis' and collaffen 
health continues to be an important unfinished task in synthesis"' has also been demonstrated at relatively 
the public-heahh area. Recent recognition of lead in low concentrations of lead. In the heme pathway it- 
some glassware decorations has focused attention on self, lead acts at a number of sites. In addition to the 
the many sources of lead in the human environment previously .cited inhibition of red-ceil v ALA-D, lead 
and raises for re-cxamination the definition of critical acts on the red-cell mitochondrion. Here, it interferes 
thresholds for measurable heahh effects. with the incorporation of iron in»o the tetrapyrrole 

The early work of Massachusetts physicians such as ring, resuhing in its replacement by zinc. Conse- 

Drs. McKann, Blackfan, Aub, and Byers led to an en- qucntly, increased levels of zinc protoporphyrin or its 

riched understanding of the serious consequences of extraction product, free erythrocyte protoporrjhyrin, 

childhood lead poisoning. More recent data indicate occur in persons with elevated blood lead levels. Rc- 

that the sources of lead for children are multiple, and cent studies indicate that this effect begins at 15 ^g 

that body lead burdens below those associated with per deciliter." Increased urinary amino levulinic acid 

clinical symptoms can affect biochemical functions, excretion begins to appear at blood lead levels of 40 ^g 

and neuropsychologic performance. per deciliter.'^ 

The increased vulnerability of young children to For the young child, the most important target or- 

lead is a well accepted clinical maxim. Increased ab- gan is the brain. The catastrophic efTccts of lead en- 

sorpiion of lead across the child's gut has been dem- cephalopathy and the protean symptoms of lead poi- 

onstratcd by Alexander et ai.' and is supported by soning have caused many clinicians to ask whether 

studies in the immature rodent by Kostial et al.' At lesser levels of lead than those producing frank en- 

the same internal dose of lead (as measured by blood cephalopathy result in subtler forms of brain injury, 

lead concentration), children have recently been This controversial question is made more difficult 

shown to have more impairment in heme synthesis by the often close association of lead exposure with 

than adults, as measured by free erythrocyte proto- poverty and its attendant troubles, by the lack of scn- 

porphyrin.* sitive clinical indicators during the peak exposure pe- 

Because anemia is a long recognized effect of lead nod in early childhood, and by problems in reliably 

exposure, and blcxjd is a tissue readily available for measuring past exposure in older children — epide- 

study, initial studies of the biochemical changes asso- miologic issues that are not peculiar to lead. It is not 

ciatcd with lead have centered on the heme pathway, surprising that some investigators have found neuro- 

Additional studies have demonstrated that lead af- psychologic deficits in children with low level cxpo- 

fects other heme enzymes, notably cytochrpiftie P-450 sure whereas others have not. Among the studies of 

in the liver.* Red-cell D-amino levulinic acid dehy- low level lead and brain function, two arc acknowl- 

drasc (o ALA-D), an enzyme necessary ffer the conju- edged by many as more rigorous and controlled, 

gation of levulinic acid into porphobilinogen, is in- Burd6 and Choate followed children identified as lead 

hibited at lead levels as low as 10 Mg per deciliter.* exposed, and coijtrols matched on socioeconomic sta- 

Millar et al. have shown that brain levels of d ALA-D tus and race, and found that the exposed group had a 

in the rodent parallel peripheral blood levels, sug- higher incidence of gross and fine motor dysfunction, 

gestmg that oxidative metabolism in the brain may be Irritability and impaired cognition at the age of four 

affected a» blood levels as low as 20 ng per deciliter.* years. When the children were retested at seven to 

Uad inhibits brain adcnyl cyclase at low concen- eight years of age the incidence of dysfunction had not 

trations m cerebellar preparations^ and in nigrostri- decreased. This finding suggested that the deficit was 

atal preparations.* Lead has also been shown to in- fixed.? Perino and Ernhart studied black preschool- 

hibit pancreat ic adenyl cyclase. ers with blood leads greater than 50 or less than 30 ^g 

p^rt^i^t^.., 1^ i„ _i/ L.-.. , w, .-^ per deciliter." Controlling for socioeconomic status, 

csuutm-t H«pjui Mtdica) Cwtef. joo Ua|w«od Avt., Bouon, MA authors reported a statistically significant deficit 

Mli3{{«t7i 7J4.W00. «t. 3400), On the McCarthy scales of mental development. Al- 
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though the correlation between parental and child IQ 
in the low-lcad group was 0.52, in the high4cad group 
the correlation was 0. t . This finding suggests that an- 
other factor, presumably lead, disturbed the par* 
cnt^hild IQ con elation. 

The effects of lead exposure during pregnancy de- 
serve close consideration. Because lead crosses the 
placenta, it has been found in the umbilical-cord 
blood of newborns J* It has also been shown to be as- 
sociated with severe reproductive damage in occupa- 
tionally exposed women, and to be teratogenic in the 
laboratory animal. In Glasgow, Moore et al. idenii- 
Tied 77 retarded and normal children matched for so- 
cioeconomic status and geography. The mother's res- 
idence during pregnancy was visited, and a first-flush 
water sample obtained. No normal children came 
from homes with a high content of lead in the water, 
although II of 64 retardates did. The discovery of 
blood samples on file from old phenylketonuria cards 
allowed retrospective blood lead ficterminations to be 
made on some of these subjects. Blood lead levels in 
retardates in the first week of life were significantly 
higher than in normal controls.** Wibberly reported 
higher placental lead levels in malformed and still- 
born than in normal infants.*^ 

The sources of lead for children are many and ubiq- 
uitous. Although new paint for household use will 
soon contain less than 0.06 per cent lead, thousands of 
houses have paint that contains well over 1 per cent. 
Many of these i^urfaces are flaking and peeling. Those 
that are not oft.-n chalk and contribute to lead in dust. 
Air-bome lead of small particle size is readily ab- 
sorbed through the lung; large particles fall out into 
dust and arc swallowed by children. The largest con- 
tribution to lead in the atmosphere is automobile 
emissions. Foodstuffs contribute a substantial amount 
of lead to the daily intake, much of which is added to 
the food during processing. Water may be a source 
in areas where the mineral content is low, the wa- 
ter acidic, and old leaded pipes still in place. News- 
print and some ceramic tableware may contain lead. 
Decorative decals and glazes on the exterior of some 
glasses contain considerable amounts of lead. 
This lead, leachable by dilute acids, can also fiake 
the glass, and represents a potential hazard for 
some children. 

Although the relative contribution of each source 
varies with an individuaPs age, habits and circum- 
stances, rough estimates can be constructed as guide- 
lines. Dietary lead provides 50 to 250 ^g P^r day ex- 
ternal dose, of which 20 to 100 Mg i* absorbed by chil- 
dren Urban dust contains lead in concentrations be- 
tween 1000 and 5000 Mg pcr gram. The ordinary 
hand-to-mouth activity of children transfers consid- 
erable quantities of dust-borne lead to the gut. Inges- 
tion of lOO mg of dust containing 1000 ppm of lead 
would add 100 >4g of external dose, of which 40 Mg 
would be absorbed. Urban air lead levels range be- 



tween 2 and 5 per cubic meter, '.ui can be higher at 
selected sites and at peak traffic periods. Children 
have higher metabolic rates, are generally more ac- 
tive, and there^.Te have higher respiratory^ volumes 
relative to body size. Air-borne lead could provide an 
internal dose of between 16 and 40 jiig prr day for an 
adult, and 8 to 20 ^g P" day for a child. Paint, of 
course, provides lead in the highest concentration for 
children with pica. One single paint flake containing 1 
per cent lead delivers an external dose of 10,000 Mg 
Clearly, the lead burden of a given person is a sum 
of the multiple sources experienced by that person. 
The importance of one source should not be play*?d off 
against another if effective prevention is to be ob- 
tained. Lead should be discovered first in the envi- 
ronment before it gets into children, and then re- 
moved. Effective housing inspection and abatement 
are complex, difTicult and often contentious enter- 
prises. They must, however, be pursued. Remov- 
ing lead from air and dust are urgent public-health 
goals. 

Each source has its own control or abatement cost, 
and each has a vested interest. The costs of removing 
lead from the environment are formidable, and many 
who identify themselves as realists say that society 
cannot support these costs. 

The worth of the human brain is incalculable. Tht 
value we assign to it will be defined by the intensity 
with which we pursue or avoid the protection of its op- 
timum development. Excess lead in the human envi- 
ronment is man-made and is, therefore, preventable 
by man. 
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Appendix B 



Comments on "Treatment of Lead Poisoning" 
Modem Treatment, Vol. 8, No. 3, August 1971 
by 1. Julian Chisolm, Jr., M.U. 

January 1978 

The following artide on the treatment of lead poisoning 
was firet prepared in 1967 and revised slightly in 1971. Although 
the basic principles of clinical management remain unchanged, 
newer information suggests that the various risk categories in chil- 
dren, according to blood lead poups, should be revised as follows: 
Currently, 30 n% Pb/dl whole blood is considered the upper limit 
of normal in children, not 40 pg. as previously stated. Where the 
original text refers to 60 and 80 iig Pb/dl whole blood. 50 and 70 
tig Pb/dl whole blood, respectively, should be substituted. Correc- 
tion of blood lead concentration according to hematocrit, as origi- 
nally suggested, is probably inappropriate, although still somewhat 
controvereial. Calculation of dosage of chelating agents on the 
basis of body surface area, rather than body weight, is pharma- 
cologically preferable. In particular, this change will minimize 
overdosage in older children. These changes are reflected in the 
revisions of Tables 4 and 5, which are attached. 
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TaM»4.IW¥iiidOoiingch«di^ for Chotetini Afftitt, J^msry 1974 
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tAI.-C«CDTA kv Mfnbj* 
MtiM (BAU • 2. 

•l>l« m BAL in CHI for 
IM uttofily. EDTA - 
«cf«tH«mi! calcium dl«o- 
d<um {C^Ja^EOTA, 
VomnM); •««llabta in 

for iV Admlntetrs^Ht)* 



iAL « SOO mi/ 

in divktod dMS 

Ctf OTA ^ 1500 
iTi«/m'/24 hr 
ti«#n IH divided 
iq4Ii 



IM 



C«£DTAoiilv («hm- 



1000 mi/m'/24 hr Children: dMa 
fM 

AdMlt»; Con- 
tinyouf tJow 
IV. CofYccn* 
trttlon of 
EOTA in 5% 
O/Wor NS 
•houtd not «x- 
tmcS 0.5% 



CaEDTA moblHiation 
tmt (diatnottlc) 



Of9i D-p«nkli(Milnc ififi- 
d{ni«thvlcy»t«in«; tvoll- 
•bi« «• Cuprimln* in 

Bition#i drvf ^ USA; 

r«comni«mi«tion« of 
AM A Council on Or U0i 
for pncautloiM In um 

(1)} 



500 n\o/m^ ^ itmk Qivt m iintM* 
doM of 1 0m fM injection 

or infuM IV 
ovtr 1 hr pe- 
riod (0.5% In 
5% D/W) 

600 mg/m^/day Or^ 



For first doM« inject 
HAL oniy. S^nninQ 
4 hr liter end every 4 
hr thereafter, inject 
BALend CiEOTA 
iimulteneouily e; 
•eiMrate dii^ IM titet; 
iMuel coiiree • 5 deyi 
(30 dotes). (See text 
for indications for 3- 
and 7<B^ couraesj fn 
•dults« continuous 34 
hr IV Infusion of 
CaEOTA may bm pre* 
f^red 

Chiidret^: in divided 
doses every 6 to 12 hr 
for 3*5 days 

Adults; Infuse total 
diUly dose In 12-24 hr 
(min. safe infusion 
time Is8 ^rj Max 
courea {« 6 days 

All: Aliow minimum 
rsst period of 2 days 
batween courses. Rest 
period of 2-3 wk are 
botft safer end more 
affrcl^t in promoting 
lead diuresis 

Collect urine quantita- 
tively for leed aniMysis 
for 24 hr if renal func- 
tion normal; 3-4 day 
collection required in 
renel insufficiency (6) 

Young children: Give 
on 0fnpty itomech es 
single eerly mominf 
<tose. 2 hr before 
brsel(fast. For young 
cliildren uneble to 
ew^low ceiHules. 
empty contents of 
capsule Into smell 
amount of «»;hliled 
fruit or fruit juice Im- 
madietaiy prior to ad- 
ministration 

Adults; Give on empty 
atomech 2 hr apert 
from meals. May be 
given In divldsd dose 
3 or 3 timea a day* 



^ eelcJum diaodlum IOTA for intrtmuKuler injection; Use 
^o«jlne hydrochlorWe cryetel, 80 to 100 mesh USF end eeicium disodlum EDTA, 20% 
!!^!!!Pf^^l^ »mr«ie«o*#s use. Add aS g crystelilne proceliie hydrochloride 
tela eieie of celfliiim diaodliim IOTA (50 ml). Scrub, rinae end ttsem sterilize ell vials 

Sll^Sr^SL'Ira.^^ ^ ^ th^rolSmkr^^^ 

^ . V^™'- ^ynalM t,^ proeefne fiyi^ochlofida ere dlseolivd directly In the 

!f^^iL**^i!!r ^ Krfution is peased throu^ a 0.22 micron filter and 

MMferred, under eaainic oo^HkSH, Into vials conteinini s ml eech. Final concentre- 
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Conoentrttion, i»iKi«)ry 1»7t 



Comment 



CHlLOflEN 

1. Symptomatic CMM 



Intoxtoation with- 
out •nc«p^*lo- 

dinlcaf fHumbiwn 
vvithout IncfMMd 
intvrcranial prM- 
lura or ataicla) 



2. Asymptomatic 
9loo<S rood 

>wlio4o blood 



3. Long-torm fo^iowtjp 
Ifitareurront ^nfoc- 
tion, dominoroflx- 
Irif bono dlfof - 
don 

b* Rocurront InpM- 

tion 

c. Long-torm cKoli- 
tlon 



fiAL-C«£DTA(IM; 



FInt couna 5-7 doyt; fiivo tocond 6- 
d^ couroo if blood load roboundi 
to >7Q MO Pb/di wtiola blood t4- 
21 dayt aft^ firtt couna; tranifar 
pati^t to eonvatatcant faeiHty 
for 2-C mo courat of oral D-pant- 
ciliamirvi 

6AL-CaEDTACIMl Firit cpur^i S daya only; indication 
for tacond couraa Mma a* abpva; 
follow with oral O-O^Uslllvrtlna 
(2-6 mo) if blood laod >$0 mo Pt>/ 
dl whola blood. Longar counas 
may t»a noadad M^an long bona 
x-rayi ihow prom^nant "laad 
Wrm" tf tymptomg abata within 
24 hr, gAL thoukl ba ttopoad 4fi 
hr la^. If itiltial blood load <70 
^ Pb/dl whola blood, BAU usu- 
ally not indlcatad 



BAL-CaEDTA(fM) 



BAL-CaCDTAUMI 



CaEDTA(lM) 



Ca€DTAonly{IM) 



BAL-CaEOTACIM) 
or Ca£DTA onfy 
OM) 

D*panicUfamlna* 
(oral I 



Choica of f Irit courta baiad on Ini- 
tial blood laad, EvkNinca of mata- 
bolic toxicity ahoufd ba dam on - 
itfatad. 

Whan Pb-B axfiaads 70 EP 
panamiy > 250. Giva CaEDTA 
5 days, t»ut limit BAL to f Irtt 48 
hr 

Bf panaraliy > 110. Giva CaEDTA 
3-^ days; fcMtow with D-panlcllia- 
mlna, t^Mcially if long bona 
x-ray« poaitiva. 

Giva 3<lfiy couraa ¥i^9nmv9r tloni- 
flcant incraaaa in UCF and/or 
ALA o^urv, avan though no in- 
craaaa in M^^mr biood iaad or 
EP occurs. 

Choica tama ai for asymptomatic 
casas ibova (saction 2) 

Do not UM any chalatina Hiant 
orally if risk of rasiduai load in 
bowal. Foitovvlng initial tftarapy 
with parantaral BAU-CaEDTA or 
CaEDTA only, usa oral IH^anl' 
ciii^lna only whan tha rIsK of 
continuad hazardous anviron- 
nwitai load axposura is pra- 
cludad. 



*Praoautlons: D-pan id i lamina contrafndicMd in 
C^OTA-intramuacuf^ pr^rati^ contalr^ proc^nc. 



panifiilUn-aansltiva Indlviduaii. 
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Treatment of Lead Poisoning 



j. JUUAN CHISOLM, Jr. MC 

From tlu Dtpartmcnt of PetHatrk^ John Hopkint 
UnioenUif Scft<w/ of Medicine, aad tht Baltimore CUt/ 
HospUalt, S^tmore 



TiiK ciiuciAL ASi'KCT w niFjiAPY ill all agf gn)ups is prompt termina- 
tion of uiidue lead cxpo?iuri', dffimil us c\p<»iiure to lead ham sources 
other than those found in iKjrnial unctintaminatcd food, beverage 
and oinbient air. VVhtu indicatctl, the iise of cltclating agtuite must 
be considered an adjunct to tlie prevention of continued dangerous 
environmental lead exposure. TTie rationale of this tbo-apcutic ap- 
proach is based upon our knowledge of the absorption, metabolism 
and exoiitkHi of lead in man (13). buirganic lead compounds are 
poorly absorbed into the body fnJin the gastrointestinal tract so that 
repetitive ingestion of small amounts is usually far more hazardous 
than single massive exposure (sec p 610). iHur.ibism, thus, results 
from the accumulation over a period of weeks, months, or years of 
an excessive body burden of lead. This burden is distributed between 
bone and soft tissues, with the major portion being stor«I in bone. 
There is no known significant toxicity associated with tf« portion 
that has been %vcll incorporated into the matrix of bone. Rather, the 
acute toxic eSfects of lead are apparently associated with increments 
in the lead concentration in soft tissues. Under conditions of pro- 
longed, tmt perhaj» intermittent excessive exp(Kurc and absorption 
of inorganic lead salts, the clinical course is one of recurrent, acute 
symptomatic episodes which, in turn, appear to be associated with 
sharp increments in the concentration of lead in various soft tissue. 

Once abnormal aUorption is terminated, virtually all of the lead 
remaining in the body is gradually shifted to bone. The studies of 
Kehoe in human adult volunteers indicate that it takes at least twice 
as I<»jg to excrete a given burden of lead as it does to accumulate 
it Since chelating »gmts probably do not remove significant quantities 
of lead whidi have been incorporated into the matrix of bone, they 
cannot be expected to accelerate this process. Estimates of the dura- 

Supportad is part by Unitwi Statei Public Hetkh Sovfee Gnat 5 ROl EC 
OOSOl-iS bom the Ktlkmti lutttute for Occupttiom] Safety tad Heskb. 
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tion of abnormal fxposurt- provides an index of the period of time 
a patient will require careful medical supervision after exposure ends. 
Serial blood aiid urine lead determinations together with urine 
coproporphyrin (UCP) and S-aminolevulinic acid (ALA) measure- 
ments provide thi- Ix'st index of soft tissue lead toxicity (3,11). Al- 
though measurements of S-aminolevulinic acid dehydratase (AI-AD) 
activit)- in vitro in hemolysates of blood and free erythrocyte 
protoporphvrin in peripheral' blm-d can probably provide comparable 
information; they are not, at this writing, as well standardized as 
the other measurements. Administration of chelating agents rapidly 
reduces the lead content of soft tissues. 

The most severe clinical manifestation of intoxication is acute 
encephalopathy, which is more frequent in children than in adults, 
carries a significant mortality and results in severe permanent brain 
damage in at least 25 per cent of survivors. Since one of the main 
goals of therapy is to prevent injury to the central nervous system, 
it is axiomatic that treatment must be started before classic signs 
of increased intracranial pressure make the diagnosis of encephalop- 
athy obvious. 

Accurate lead analyses may be difficult to obtain but are essential 
to proper treatment. Blood samples must be collected into lead-free 
equipment and anals-zcd by a laboratory experienced in lead deter- 
minations. Risks with respect to the acute adverse effects of increased 
lead absorption may Ix; estimated in terms of current blood lead 
concentraHons as follows: a) >40 /*g Pb/IOO g whole blood indicates 
undue lead exposure; b) 50-79 ^g Pb/100 g indicates excessive absorp- 
tion, is associated, ' i most instances, with metaboUc evidence of im- 
paired heme synthesis and may, in some instances, be associated with 
mild symptoms compatible with lead poisoning. Such cases require 
careful medical supervision and should be considered possible cases 
of plumbism, especially in anemic patients. Blood lead concentrations 
of more than SO Pb/100 g whole blood indicate risks which in 
children are unacceptable; virtually all cases of severe acute lead 
poisoning, including those with acute encephalopathy, are associated 
with blood lead concentrations of 100 Pb/100 g whole blood or 
greater. At blood lead concentrations of more than 80 /ig Pb/100 g 
whole blood, symptoms may be absent, but onset of severe acute illness 
is impredictable. 

CHILDHOOD LEAD INTOXICATION 

Lead poisoning in childhood should be approached as a chronic 
disease because of the long-term high-dose type of exposure to which 
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dxildreo mi^ be subject, especially in old deteriorated homing. 
Effective tharapy calls feu* sduticms to three difficult probknis: a) 
early diagnosis and treatment of acute toxic e^sodes, b) permanent 
sqmratkm ol the child from environnmital lei^ sources, and c) pre* 
VGOtion pica. Most children with fdumbism require close medical 
supervisicm until tl^ readi school a^ ai^ some need care much 
longer. The ccnnprehensive therapeiUic pro^wn docribed here re- 
quires the coordinated long-term efforts of j^ysidan, pediatric psy- 
chiatrist, medical social wculcer, child guidame personnel, health de- 
partmrat personnel, and visiting {mblic health nurses. 

Once minor symj^oms of poisoning are present, acute enc^halop- 
athy can develop with unpredictable and startling rapidity, especially 
during the summer months. For this reason, any child xiHth mjmjMoms 
^^^^ plumimm or Mood lead concefOriOions >S0 ^ PbllQO 
g of m whoie blood should be treated as a nwdiad emergency and 
hospitalized immediatehj. Delay is one of the main reasons for poor 
therapeutic results. Early diagnosis depends upon a high index of 
suspicion a knowledge of the epidemiology of plumbism and the 
interpretation of specific emergency laboratory tests. 

Epid^iology 

The vast majority of cases of childhood plumbism in the United 
States today are found in children who reside in old, deteriorating 
urban housing. Recent studies in Baltimore, Maryland revealed that 
50 to 70 per cent of the old houses in selected slum areas contain 
dangerous quantities of flaking lead pigment paints (14). The interior 
wood work, painted plaster and wallpaper of houses built prior to 
1940 and still in use may contain layers of lead pigment painte which 
have never been removed. Several tiny flakes of such paint may con- 
tain 100 mg or "more of lead; the safe daily intake of lead is <0.5 
mg ( 13). Table 1 summarizes the results of a pr(»pective home survey 
of preschool children in Cleveland, Ohio (10). A comparable situation 
exists in most of the large cities of the continental United States, 
particularly those east of the Mississippi River. It is abundantly clear 
from these data that young children in substandard urban housing 
should 0€ screened periodically for plumbism. Table 2 lists unusual 
sources of lead 

Repetitive ingestion of small quantities of lead in paint apparently 
must continue for 3 months or longer before a potentially lethal quan- 
tity of lead is al^rbed into the body. For practical purposes one 
must assume that ingestion begins by one year of age in children 
who live in urban slum areas. Multiple cases arc often found in the 
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Tabft T. EnvkonmaMfl! Expofur* of Youftg ChildrM 
to Uod in Urbcm Homing 



Ha. Qf 

ftirftfiiTTt tkMdnm No. % Mo. % 



OUboy^ tOI 2U 27 3i 4.7 



♦ Cn<n»ott<ti of bo^ fMd c»id c^profNirphyWii ificrMto^ 

same household so that all preschool children should be tested for 
plumbism wherever an index case is found. Prospective screening 
progranis are currently in operation in Chicago and New York. 
Recently, cases pf severe lead poisoning have been traced to the con- 
tamination of juices (and other acidic beverages) stored in improperly 
lead-glazed earthoiware vessels. 

Frompt Diagnosis 

An indirect epidemiologic approach is essential for prompt clinical 
diagnosis since a history of pica often is not dicited at the first clinic 
visit. We ask the folk ving questions: a) Does the child live in or 
visit a house built prior to World War II? (A list of high-risk 
addresses should be posted in all pediatric clinics to aid physicians 

Tobl« 2, IMcofumon l^on-Mintrtof 7yp«f of Pot«fltiolly Haxordovf 
EnvfroAifiAnfal Lead Expoiur* 



Toyt and dvid fum^vro 

by rokitlvof } 
load foyi and b«vb(«»* 
load tKJokb 



AMH 



Coromk oAd poetory qUiz^q 

Hemm battory mamtlatfurtn^ 
load duti in thooTtng gclkry 

{oH«nd<inf of H«k} 
Artitl'f pakH ^qmmnH {hand- 
mill 



Impropofiy I«od-gkiso4 dfth- 
woro ond codkwarm 

Soft mroU-wofor convoyod m 
(ood pipof 

Athoft and fvmoi of patnlod 
wood ond boHory co>»i>9S 
utod for fuo4 (fovof and 
flrapkicoi 



♦ (PtaOk baadt, nmMoc— ond {owolry eoafod wiHi lood fo »iflH/iato o poor! opptaronco, ofo 
•oorcoiy Mtiimteod , fd .j 



not familial' with the city, b) How long has the child been walking 
or crawling? If the child lives in or visits a house built prior to 1940, 
has been ambulatory for three months or longer, and has any symptom 
suggestive of plumbism he receives the emergency laboratory deter- 
minations listed in Table 3. Provisioml diagnosis and the decision 
to hospitalize the patient and institute chelation therapy must be 
made at the first c/inic visit. 

Symptoms that suggest early lead into?dcation are: anorexia, apathy, 
anemia (hemoglobin <10 g), hyperirritabiiity and other behavioral 
disturbances, clumsiness, loss of recently acquired developmental 
skills and sporadic vomiting. The onset of encephalopathy is heralded 
by gross ataxia, persistent and forceful vomiting, periods of lethargy 
or stupor interspersed with lucid intervals and finally coma and 
intractable convulsions. Any of these symptoms, together with one 
or more positive presumptive laboratory tests (Table 3), calls for 
immediate hospitalization and institution of chelation therapy. Young 
children with pica, behavioral disorders, convulsions, mental retarda- 
tion and symptoms suggestive of cerebral degenerative diseases should 
also receive these tests (4). 

It is unusual for all tests to be positive in a given case. The quickest 
presumptive test in children is the qualitative UCP test which is 
described in Appendix 1. Technical and interpretive considerations 
for each test are included in Table 3, Lumbar puncture should be 
avoided unless essential for differential diagnosis which includes 
tuberculous meningitis, various encephalitides, and other causes of 
increased intracranial pressure (eg, tumor). If lumbar puncture is at- 
tempted, the least amount of cerebral spinal fluid should be collected 
dropwise, and never allowed to spurt out; 1 ml is more than sufficient. 
In acute lead encephalopathy the fluid shows normal sugar content, 
mild pleocytosis and a moderate increase in protein content. Attempts 
to obtain fluid by ventricular tap are not warranted and usually fail. 

TREATMENT 
Supportive Measures 

It is our policy to treat all symptomatic children as potential cases 
of acute encephalopathy and, hence, to begin treatment immediately. 
Adequate urine flow should be established fiist. As soon as the child 
with encephalopathy is admitted to the hospital, a continuous intra- 
venous infusion of 10 per cent dextrose in water (10 to 20 ml/kg 
body weight) is administered over a period of 1 to 2 hours. If this 
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Table 3. LcbofotOfy D«t«nnW>otiom R«quif«il for Diognoiii of l«od 
Ififo&icotion m CMIdren 



FmMc^ fixtott 



liAIiGENCY TESTS fOn lUTO PRESUMPTIVE DIAGNOSIS 



App«A^ p 612 for 
tMf udM wiliiin 10 



Ftor plot* of 



PA Vf«wt of wrUH 
an4 kfi*t« 



counf, Mi«ar for 

{^oMpHific 
flippl«d c«9 



U$m KUl f«€hiiiqu«; took 
c^rftfuMy in r*€fotjQ- 
wold or«o for radfO- 
paqv« <l«et r«it 
of inlnfiM opp»ors 

from growHi ormi 
hnmt '*{«ad iin«*" ct 
fii«topliy»««6f« bfoad 
{>2 nun} eontifiuowi 
b«iHfi of bicrtoflcd 
doniffy, wl»«r«os 
growHi arr#0 tiMi op- 
p«or o» Mu^'pltt nor- 

bHoHl fi9M 

loMplwfic ftlppi«d c«)l 
count r*qyif«i 
sp«cioliz«d l«d^qy« 
nof ufiMKy ovoiSoblo 
in gMWoi hocpitol 
kiborafo^ifft 



Ifffemo orang«'r*d Auocmcmk* {+ -f -f or 
-h -f 4- +) off on ouodotod witii blood toad 
> 100 MO Pb/100 0 ^'f^ 
th«f cfor*, ^ fA^coHon for immo^f • 
hotpifo^otton ond cMoNw therapy m 
lymploipofk chMiTfOR if oH ofhor pf«- 
utff^U^m fMH MgoHvo-roa may gl^ 
fniiloodiiio iMiooHva rotuKi ifiiNaiy In 
moribund poti«^ end MVor«iy iron-d<- 
pi«l«d ehUdr«n nof rtoondroHng Kama- 
mortl^md pofiw^ vtvoMy harm glycosuria 
ond ether wHn« abnormolifies 

Abdominof Aat pkta potltiva for rodiopoquo 

ifHStarkif in opprox. 50% of lympfomatfc 
. young cKi^ron^ rorafy potlfiva in aduHi 



btarprot bont fllmt with rospoct child's ogoi 
o) <2 yn **)«od bnoi" If oquontly abwit 

m lym pf o m ofk catei 
b) 2-5 yrt 'i««d ftintt*' wMtoUy proftont 
moy «how ^iooMnal bending^ 
c5 >$ yri *1ooiJ Knot" roroly prominon«. 
Width of "food t^i" rolWct dvfotlon of in- 
croofod liod ab»orp<kM b^if ii umaSatod to 
symptomt 



Hb ufuoty <10 g; ftndingt a% Sn untraof«d 
iron dafkitncy ilofoi axcopl f^cwJocytet 
olfan incrtoftod; botophiik itipptad c«U 
counti in parlpHarol biocd of diildron too 
vaHoblo to b« holpful ^ botophilk 
Bh'ppfotg el noriwoblofts in bone morrOw 
imeort uniformly tfttreatod {>50%) in 
ptumbl«m U% chUdron ond odufh-Kemo^rit 
req44red for infer pre^otion of blood ^d 
ftince 90% of leod in whoSe blood h 
oltoched to red blood ceU i4irfoce, correct 
bbod lead doia for very low Hematocriti 
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TobI« 3 (CofiHmi«d) 



iMfMlf for r«<^tn9 



GhrcoHN-fo ©f + + I fo*>iiij in v«ry Tronic 
©f v#fy t«ir«r« cof«t; vvry acvt* i«v«r« 
COMI affio fthow f»r«^#iiH^ki, Mnwhtfio, 

{I'Mporfenl fliufiii{|ft in crilkaf paHvnIi if 



srcoffc DiAGNOsrrc tests 



hm inm4 ond offM 

lory p^rtormUi^ 
anofy^i tO «l iMd- 
ff»« i-D Vccvmifw 
cQiwm ^rdcKy ovoh*^ 
€iM«> Draw •fiotf^ 
blood {10 Ha h^My 

donf Kiiiif»ki Nioy 
yiold orronvotfftly 
ro«M 

Um iMd-frM cottvction 
of^roM mppUmi 
by laborotory |»«^. 
forMjAf oAotys^ 
f*ff of vokw 

24-Hr fiotf^c^ r»p 
IHiirod in yoMif 



hkir^l iin«]ipo««d cHUdrtn: 15-40 m0 

Fb/!00 Q whol« blood 
iMckw •mpoMir^ >40 ms/^OO s MioIo biood 
tw99«th kod intsii* from tottrcti olb«f fKon 

Mild fymi^OMi mqy b« pwm^i 60*-fO 

Pb/lOO g mho^ blood 
Sympfoms moy b« obMAl, bvf riik of •nccpK- 

oloportty gr^Qf: >100 MO ^b^lOO g wKol« 

blood 



i«Mlf may be ivHtlMding {te, preYfAorvnenf 
vakiM of^ WfHiifi Aotmol Mrs { >iO ^19 
Pb/24 M in octfTo oficaplioiopaliiy}. Con- 
li^f oxcfoHon > 1.5 1119 Fb/24 Hr d^^ing 
Unl 24 Kr cbolotioii th^opy diagimtk of 
plumbitm in lymptomaffC catM 



fails to initiate urination, mannitol (I to 2 g/kg body weight) is 
infused intravenously as a 20 per cent solution at a rate of 1 ml/min. 
Once urine flow is established, further intravenous fluid therapy is 
restricted to basal water and electrolyte requirements and to a min* 
imum estimate of the quantities needed for convulsive activity, and 
fever and the replacement of deficits due to vomiting and dehydration. 
Careful parenteral fluid therapy is vital to survival and is best 
monitored by measuring the rate of urine flow. This may require 
indwelling bidder catheterization in unconscious children, a risk 
which must be carefully weired by the attending physician in each 
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case. The rate of intravenous infusion is adjusted hourly until that 
rate is found which will maintain the rate of urine flow within basal 
metaboUc limits (0.35 to 0.5 ml uriiie secreted/calorie metabolized/ 24 
hr). This is oquivalent to a daily urine output of 350 to 500 ml/sq m/24 
hr, Gbildim with eiKepha^pathy behave as though their secretion 
of antidiuretic hormone is inappropriate; the above technique is essen- 
tial to avoid ^cessive fluid administration which can further increase 
cerebral edema. 

All oral intake is prohibited until the child is greatly improved. 
Body temperature i$ maintained at normal but not hypothermic levels 
1^ using a cooled oxygen tent, supplemented by cooling blankets 
when necessary. Oxygen is administered. 

For the quick control of seizures, Valium* is effective. In patients 
with acute encephalopathy, control can be maintained thereafter dur- 
ing the first few days of treatment with repeated doses of paraldehyde. 
Barbiturates and diphenylhydantoin are better reserved for long-term 
antkcmvu- 4nt use. During the acute phase, one should not await 
frank seizures. Better control can be achieved if doses of paraldehyde 
are given whenever there is a significant increase in muscle tone or 
musde twitching. Administration of paraldehyde should overlap the 
institution of long-term anticonvulsant therapy with barbiturates in 
order to prevent seizures from recurring during the early convalescent 
phase. Barbiturates should be avoided during the Brst few days be* 
cause severely depressant amounts are often heeded and even then 
may be ineffectual. 

Chelation Therapy 

After urine flow is established, which should require 2 to 3 hours 
at nK»t, chelation therapy is started with 2,3-dimercaptopropanol 
(BAL) and edathamil calcium disodium (CaEDTA, calcium di- 
sodium versenatc) in combination according to the dosage schedule 
shown in Table 4. This combination is used in all symptomatic 
patients* 

In cases of acute encephalopathy, the usual 5^y course may be 
extoided to 7 days if great clinical improvement has not occurred 
by ti» fourth day* In symptomatic patients without encephalopathy, 
v^bo show a quidc am] dramatic clinical response, and in those 
asymptomatic patirats with whole blood lead concentrations in the 
range of 100-200 Pb/100 g, BAL may be discontinued after 2 
to 3 days and the dosage of CaEDTA may be reduced to 50 
mg/kg/day, in divided doMS, as either two 6-hour intravenous infu- 
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*Tobl« 4. Dosagt Sch^duit for Ch«Mifis Ag«nti 



Dryg 



Oomg^ 



ffouft 



Schfkih 



•Ai-CoCDTA m combtnot^ 

for IM vf« ooly. EOTA - 

ov0(l«ibl« in 20% Mi to b« 
dlM«^ fof fV odrntnith^Hon. 
For IM add procain* to 70% 
lol. to Qiv« coAC of procamm 
of 0,5%) 



Co€DTA only (Hitfopcuftc) 



£DTA mobiyzotk>n ftil 
(diognoiricl 



Orof D'poAkiMomlAo 

ovotkibf* Of Cupfifi^* ^ 
250>m9 capiU««. Invotl^go- 
tkMoS drug m USA; 
f •contmoAdoftOfM of AMA 
Counci on Druni fof pre- 
coUions in im (1)) 



Childront 
iAL » 4mg; 

kg /do«« 
CoEDTA » 
12^ wg/ 
Kg/dOio 
Adulr»i 
lAl - 3.5 
mg/kg/ 

dOM 

CaEOTA - 

kg/do^ 

50 mg kg /24 
Kr 

2 g/doy 



3*4 9/doy 
(cciufrovtly 
m i«vofc 
casoi) 



25 mg/kg fo 
of 1 g<9i 



40 «g/kf / 
34 hr 
Adi^ 500- 
7S0 fflg/24 
hr 



IM 



Dt«p IM 

Adu^fi Conlln* 

Conc^' .* 
Itpn of 
EOTA 5% 
D/W or NS 
should nor 
•«€0«d 



Givt OS imgl* 
(M tni««tfOn 
or infut* IV 
ovtr 1 Hr 
pftrtod 
<0.5% In 
S% 0/W) 

Orof 



Oroi 



for firsf dot*, kijact lAl 
only ttfgimufig 4 Hr lofor 
ond ovtry 4 hr rfi«r«' 
offer, U^9€f lAl ond 
CoEDTA >iniv^on«Oiffly 
of loporoto daop iM 
t^t«t; tfwol cJurto » 5 
doyt {30 d<H«f}. {S«« 
t«xr for Midkotk>ns for 
3 ond 7.day ?ovn«f,} 



Yovng ch'ldroni m divided 
dot#ft Avery 8 fo 1 3 hr for 
3*5 doyi 

Adu^ inftite k^fol doily 
doio }2-34 ^ Imin 
fofa infution fimm It 8 Hr) 
Mo» covno li 5 doyt. 

A^ Allow iwifwrnyflPi rm%t 
pm\o4 of 2 d^yi b«- 
twton cOiH^t. Rotf 
ptHodft of 2-3 wk oro 
fi^tfi toftr end more 
eff tdoAl tn proMofing 
leod dfMreiit. 

Collect iH^ne quoMito^vely 
for lead onoiysfi for 24 
Hr If r«>al function 
normoli 3-4 doy cotiec* 
Hon roqWred m ronol in- 
fvfffcioiKy {6! 

CHjfdrefit Givon in divided 
dotes fwico o doy 

Adults Given divided 
dOftfft fwico or three 
finMS a day 

ASk Givo Oft empty ftomocH 
hr before inoob^ for 
young childron uneMe fo 
twalow coptu^ ompry 
con^onN ol copf«4« info 

pHof to adMjniiffoNOA 



*An updated version of ttiit tabie appears on page 20, 
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*ToU« 5, Chok* of Chelating Agtnts kf«d on Symptomotology 
ond Itood iMd ConcantratSon 



Commit 



1. AN tytnplomtk csm iAl-CaH)TA (IAM 
Acut# siKtplialofKiHiy iAl-CoEOTA {(M) 



2. A>y<« p to io Hc coft 
a. Bhod 

<I00 rt»/}00 g 



». ADULTS 



lAl-CoEOTA im 
CoEDTA only (IM) 

Cq^TA OfiJy (IMJ 



lAL-CflEDTA (IM! 
Of CoEOTA only 
{JM3 

iofoi) 



lAl^CaEDTA ilM} 
lAl'CaeOTA {}M! 



CoEDTA onjy ((V) 



Any tymplomf k% d^idrmy coH for ot U^atl 
OM 5*cii3y court* 

Pirtt courm* 5-7 doyt; gii^v second 5-doy 
ewos if btood t«ad >I0 m6 ^/IOO 
g ^^lok bkiod 14-21 doyi offer ftrtt 
eovf««; framf«r p^rient to conveltscoot 
NotpjfQi ^ 3-6 M ceiir«« of orot 

Rnl cogrM 5 doyt only; iitdicoHon foi- sec- 
ond cPvri* as obov*; fo^w wifft 
oral p«n»cit^nan« (3-^ mo] if blood 
leod >60 ^g Fb/100 g wM* biood 
Qfid tong bone X-rays ilrow prcmtnanf 
"iMd Uiim" 

Chok« for first court* tndkotvd by bfood 
Ittodj fo^w wiHi oral D-p«iikiSlomji>« 
OS Qbov« {section 1 b! 



Give 3-day course whenever (jgnifkonf 
MKTeate in UCP and /or At A occvrs 
even i^no increote m blood lead occurs 

Choice some os for osyfnptomoHc coses 
above flection 2o) 

Do not ute eny cHekiting ogtnt oroUy if 
riik of rtsiduo! ieod In bowei. Use oroi 
pen^ifkimine under condiltoni precfud- 
ing risk of Haxofdoi/s t nvironwental Jeod 
expos«^e for fo^lowup offer »rNfiof 
ttteropy with parenttrol lAl-CoEDTA 
or CoEDTA only 



Some OS for children 

Coufse of 3-5 days foUowed by oral D- 
penkiUomine until uHne lead <500 i<g 
fb/24 hr or 2 mo, whichever U (ess 

Use if patient mtoler oi^ of lAL. Oo not in- 
fvse totoi doiiy dose in less ttusn 6 hr 



*An updittd vtfston of this t«bie ippears on page 21. 
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Yabi* 5 {ConHmwd} 



> too >t| Pk/lOO fl w4i«h Mq(M 



3. 

>IOO|itPk/100fl IAL.CDTA({Mj >-g earn* Mtowrf hy i»< pmitlMi- 



». Uny-lvnii CMatten Hakmmmim Som* «• for cHiWrM M fMi count to 

(oral} 2 M 

4 Orftoiik Uatf Co ^poM w4i Not f cotm a wd W TrMtMnf ivpportt^; tM r«iu 



siom or two intramuscular injections at 12-hour Intervals during the 
succeeding 2 to 3 days of the total five-day course. While this ap^ 
proach can reduce the number of injections during a five-day course, 
it probably also somewhat reduces the diuresis of lead, Imm^ate 
followup of initial parenteral chelation therapy with oral o-pcnicil- 
lamine virtually always obviates the wed for repeated courses of 
parenteral chelation therapy. Some of the toxic effects of lead may 
be intensified if CaEDTA is given alone in the pr^ence of very high 
tissue ccHicentrations of lead (3). The addition of BAL to CaEDTA 
minimizes these toxic cflFects^ greatly accelerates urinary I^d excretion 
and causes a significantly more rapid decrease in Uood lead concen- 
tration (4). Medidnai iron should not be given concurrently with 
BAL The patient should remain in the iKispital or convalescent 
home until chelation therapv is completed according to indications in 
Table 5, 

O^her Meamres 

No time should ever be wasted in attempts to evacuate residual 
le^ frwn the bowel by enema. Such attempts are futile, and in cases 
of encephalopathy the attendant delay jeopardizes the childV life. 
There is no evidence that parenteral administration of BAL-CaEDTA 
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enhances the absorption of lead from the gut; on the contrary, there 
is cvidemje, in animals, that BAL enhances the excretion of lead 
through the intestinal tract. Neurosurgical operations for the relief 
of increased intracranial pressure are contraindicated. There is no 
decisive evidence concerning the effectiveness of steroids in com- 
batting cerebral edema in lead encephalopathy. In view of evidence 
in animals which shows that steroids enhance the renal toxicity of 
CaEDTA, these compounds arc not used by the author* Repeated 
doses of mannitol appear safest and most efficacious for the relief 
of persistent cerebral edema, as indicated by persistent deep 
unconsciousness. 

Asymptomatic Children 

Asymptomatic children should be separated from their environ- 
mental lead sources promptly. Usually this entails brief hospitalization 
for diagnostic study, preliminary evaluation of environmental lead 
sources, and protection of the child until temporary safe residence 
is found TTie laboratory tests in Table 3 are performed and chelation 
therapy is given according to the doses in Table 4 and the indications 
in Table 5. If the UCP test gives a 3-4+ result we do not await the 
resulU of blocxl lead analysis but begin BAL^CaEDTA immediately. 
This policy is based upon past clinical experience; the condition 
of young children with plumbism can deteriorate precipitously even 
in the hospital It is safer to start chelation therapy promptly and 
then stop if blood lead determinations later prove the initial diagnosis 
in error. 

Recently we have been using penicillamine on an investigational 
basis; it has been administered orally for periods of 1-6 months to 
32 children without serious side-efFccts. The treatment is started in 
the hc^pital and completed in a convalescent home or inspected lead- 
free temporary fester home. It is possible with this drug to maintain 
blood lead concentration within the normal range during early 
convalescence. 



Precautions with C^helatlng Agents 

The main toxic effects of BAL are nausea and vomiting which 
can be avoided if oral intake is withheld. Due to the formation of 
a toxic BAL-iron complex medicinal iron may not be given 
concurrently, 

CaEDTA is tuA metabolized in the body; virtually all of this com- 
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pound is excreted unchsuigcd by the kidney (7). CaEDTA must, 
therefore, be withheld during periods of anuria. The (^age should 
not exceed 50 mg/kg body weight/day except in the BAL-CaEDTA 
combination. When EDTA is administered by intermittent intra- 
muscular injection according to the schedules given in Table 4, the 
following side effects have been observed in occasional patients: 
proteinuria, microscopic hematuria and large epithelial celU in the 
urinary sediment, hypercalcemia, and fever These untoward reactions 
are most frequently observed toward the end of a second or subse- 
quent course of therapy and call for immediate cessation of CaEDTA 
administration. More severe* reactions have been reported during in- 
travenous adminisitration and arc most likely to occur when the total 
daily dose is adiiiinistered in less than 12 hours (8). Safe administra- 
tion of this drug requires the following determinations on the 1st, 
3rd, and 5th day of each course of therapy: serum electrolytes, blood 
urea nitrogen, calcium, phosphorus, alkaline phosphatase measure- 
ments in blood, and routine urinalysis. The patient should also be 
monitored for irregularities of cardiac rhythm. [Nephrosis, which is 
usually reversible, and hypokalemia are two of the more serious side- 
effects of CaEDTA.— Ed ] d- Penicillamine is a degradation product 
of penicillin. There has been considerable experience with this drug 
in the treatment of lead intoxication in Europe (9) but at the present 
time it is available in the United States on an investigational basis 
only. It is contraindicated in persons with a history of penicillin sensi- 
tivity. The following adverse side-effects of penicillamine have been 
reported (1): a) transient cosinophilia, b) erythematous skin rashes, 
c) superficial extravasations of bIcK>d, d) fever, e) prolonged bleeding 
time, f) leukopenia, agranulocytosis and thrombocjiopenia, and g) 
nephrotic syndrome. Patients receiving this drug must be monitored 
with weekly urinalysts and blood counts (i). Adverse side effects 
of D-penicillamine are apparently dose^related: Serious reactions (ie, 
nephrotic syndrome) have been reported in patients receiving 1 to 
2 g or more per day. Observations in this clinic indicate that dc^ages 
not exceeding 30 to 10 mg/kg/day in children have not been asso- 
ciated with serious side effects. In adults, dosages of 1 to 1.5 g are 
effective in the treatment of lead poisoning. 



Convalescent and Long-term Care 

The first precept of convalescent and long-term care is: no child 
et?ef returned to a leaded hoxise. All cases are referred to medical 
social service and reported to local public health authorities. The 



3S 



procedures xised by the Baltimore City Health Department for detecs 
ticm (12) and wadication (14) of hazardous lead sources in the home 
are published elsewhere. The family is evaluated with respect to the 
oeed for psychiatric consultation to assist in bringing the child's pica 
under control If the home is too ifcteriorated to permit adequate 
repair, the family is assisted by the medical sodal work#jr to find 
new safe housing. Modem public housing areas are preferred. In 
no instance should affected children be allowed to remain in the 
hcane while the necessary repair work is in progress. The procedures 
necessary to find a safe location for the child often require several 
weeks. During this time it is our policy to transfer the patient to 
a convalescent home. 

Children recovering from acute encephalopathy usually exhibit 
severe behavioral abnonnahties during the first 3 to 6 months of con- 
valescence. It is our practice to transfer all such patients to a con- 
valescent children's home and to administer oral penicillamine during 
this period. These institutions usually have an active child life pro- 
gram which can be most beneficial in terminating the child's pica 
and in revealing new areas of interest to him. 

Careful follow-up is continued after the child returns home. We 
encourage enrollment in a nurser)^ schcx)! or "Head Start** program 
to provide continued stimulation for the child. Many of the mothers 
of children with plumbism show multiple maternal inadequacies and 
require constant support. During the first year after ^cute intoxication 
intercurrent infections may be associated with biochemical evidence 
of increased soft tissue lead toxicity (increased UCP and ALA) (3) 
requiring chelation therapy (Table 5). Long-term administration of 
penicillamine on an outpatient basis cannot be recommended at 
present. Serial blood leads should be obtained at bimonthly intervals 
or mere frequently as indicated. Values in excess 60 Pb/l(X) g 
whole blood during convalescence call for repeat courses of CaEDTA 
or penicillamine in the hospital Values >100 ^g Pb/100 g whole 
blood alm(»t certainly indicate recurrent lead ingestion which calls 
for review of the psychodynamic aspects of the case and recheck 
of environmental lead sources. The families at greatest risk move 
with the greatest frequencv^ This close surveillance should be main- 
tained until blood lead returns to and remains within the normal 
range (15-40 ^g Pb/100 g whole blood). Phenobarbital and/or di- 
phenylhydantoin (Dilantin*) are adequate for the control of seizures 
that follow lead encephalopathy. Recurrence of seizures without re- 
cmrent lead ingestion is usually indicative of a lapse in anticonvulsant 
medication. Both seizures and behavioral disturbances tend to abate 
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as puberty aj^roaches. ^havior abnormalities due to lead intoxica- 
tion can be greatly intenstfied by persistently abnormal mother-child 
relationships. This long-term program may seem unnecessarily difficult 
and tedious, but it is essential if permanent brain dajnage is to be 
minimized. 

ADULT LEAD INTOXICATION 

Tlie managiMnent of plumbism in adults differs from that in children 
in: a) types of hazardous exposure and measures for their control 
and b) interpretation of certain laboratory data. Principles for the 
use of chelating agents are essentially the same as in the child. 
Encephalopathy is rare in adults; iri the United States today it usually 
results from the ctmsumption of lead-contaminated illicit liquor 
(moonshine, "white lightening") which can present quite a diagnostic 
problem in the chronic ala)ho!ic. The other clinical syndromes are 
well described elsewhere (15). 

The following industries present the greatest occupational hazard : 
lead smelting, storage batteiy manufacturing, ship breaking, auto- 
motive body painting, painting, printing, and pottery glazing. Some 
phases of the following industrii^s also present risk: petroleum, cable 
construction, ceramics, ammunition, radiation shielding, and noise and 
vibration control. In any industrial process the hazard lies in exposure 
to dust of inorganic lead salts and to fumes resulting from heating 
or burning of lead. Tlu»se hazards can be Inrgelv controlled bv proper 
ventilation, damp-dusting in the "dusty traders " automation of hazard- 
ous steps and use of rcHjpjrators and protective clothing by exposed 
workmen (15). Protective clothing nuist be changed and hands 
washed lx>fore eating. Fo<k! should be eaten in a safe place separate 
from the work area. The physician must deternniic whether adequate 
occupational safety pnKxxhires are available to and being used by 
the patient. Nonindustnal typc*s of exposure arc listed in Table 2. 

The laboratory paranu^ters used in industry for medical supervision 
of occupational exposed workers are summarized in Table 6. The 
limits for "safe'' occupational exposure have been set arbitrarily and 
are based on the observation that symptoms rarelv occur in the ab- 
sence of a)mplicating illness unless these limits are exceeded. Quanti- 
tative data are preferable: in emergencies the interpretation of the 
presumptive tests in Table 3 for children are generally applicable 
to adults, with the exception of bone X-rays which are of no value 
in adults. 

A variety of diseases are associated with two- to threefold increases 
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Tabic 6. Laboratory Ttttt Ui«d in loduft^kil MMiicki* to Monitor 
Occi^ftonaf EjipM^c to tnorQonk Uod 



ftcpdtfrfon t^iOtptrOII obMfplfMI 



110041 lM<l Uc f%/tOO « wkokt 



HoMOolobjR fo/lOO iia wholo 



Urino coproporpliyrifi* (MS/fMor) 
Qyafitolivorotft 

Urioo*t I^MiMi^vniMe ecid 



<I0 

>I3 



<2S0 
Ote + + 

<6 



5^40 

<ISO 
>13 

<5QQ 

+ + + 

<!3 



>I0 

>200 
<I3 

>^ 

4- + + + 

>\9 



* ftoiW en oooiyiii of ovomlfM vHno (lint morning vo«<llng}, bv( mm doto oppkoblo to 
24-jieiir urino GoUodtoat wfi»di oro proforoblt. 

t TocMqvo of ioMn Ot^Q^ dotcnbed {a Mi erfkio (2) 

t MoHiod ol AAouioroS oftd G«Niidc U l^ol CJbMv 2? 9ii35, 195^); Mbrract 2 mg/ytof from 
oodi AU ^kM if m%H^ of Urato and Gratvcfe li i*ol Cfiow 23S:itf, 1963} u««d. 



in UCP so that values <800 UCP/^ hr cannot be considered 
diagnostic of plunribism (11). Table 7 shows pyrrole excret^^n patterns 
in diseases sometimes confused with plumbism. The combination of 
increased ALA and UCP is specific for plumbism (11). Findings 

TaW« 7. Potfomi of Incroosod Pyrroio Excrotioo in Urino of Acuto 
Symptomotk PoflonH* 

O^fooM ALA MGf UUP tXTP 



Lood ii#oiucotiON + + + 0 ± + + + 

Ao^m MofniiMonf pofpk^yrUi + + + + + + + + 4- to +4-h+ + ♦« + + + 
Acuto (toxk and 

kifodloiM typoi) 0 0 0 + + 

AcMto okohofam 0 0 ± +♦©+ + + 

• 0 ■ {^tmI; + to + + + + - dofifoo of Jflcrooio; ALA « ^-amJool^vwUwic add; FfC - 
porpho^Oinogoftj UUP - urin« i^oporp^iyrifli UCF * MffftO copfopofphyrin 
t Qyofitofjvo WotMM-Sdiwortz toil for FtO 
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suggestive of acute nephritis (hematuria, casts, proteinuria) may be 
present in acute plumbisni; cautious administration of BAL-CaEDTA 
is indicated in such cases. The CaEDTA mobilization test (Table 
4) is helpful in difficult diagnostic problems, particularly in the 
presence of renal insufficiency and in the absence of recent lead ex- 
posure (6), 

Treatment 

The identification and control of hazardous exposure is mandatory 
for offcctivc th ' 'dicatiuns for chelation therapy are presented 

in Table 5 and in Table 4, In adults, the following maximum 

daily dosc*s of CaEDTA should not l>o cxci*eded: in patients with 
encH?phalopathy, 7.5 g; in patients with intoxication but without en- 
cephalopathy, 4:0 g. AdvciSi^ side effects of drugs are discussed above. 
Supportive therapy for acute encephalopatln* in adults is the same 
as tbat for c hildren. 

Experience with BAL-CaEDTA conihinatiini in adults is limited. 
I have observed vcr\' pronipt relief of symptoms and metabolic ab- 
nonnalities in a few adults witli enceplialopathy, severe colic, and 
profound muscle pain and weakness who received combined 
BAL-CaEDTA. Goldberg has reported g(K)d response to oral peni- 
cillamine alone (1.0 to 1.5 g daily for 3 to 5 days) in mildly symp- 
tomatic cases. European experience during the past 10 years with 
D-penicillamine in adults has Ix^en good. Oral therapy has the ad- 
vantage of home administration and avoids painful injections. 

It is the authors personal opinion that combined BAL-CaEDTA 
followed by oral penicillamine is ind.cated whenever blood lead ex- 
cels 100 ^g Pb/100 g whole blood even in the absence of obvious 
symptoms. Metabolic evidence of lead toxicity is universally present 
and the risk of symptomatic episodes is considerable when blood 
lead exceeds JOG Pb/100 g whole blood. This recommendation 
is not universally accepted. At issue is the question of whether treat- 
ment of lead intoxication should be limited solely to symptomatic 
episodes. The recommendations given in Table 5 are based upon 
the concept that chelating agents should be used in conjunction with 
control of environmental exjK)sure to reduce soft tissue lead content 
to levels not associated with significant metabolic evidence of toxicity 
(4,11). This approach can greatly reduce the incidence of acute toxic 
epis<Kles and quite possibly, the incidence of serious sequelae. 

Vicarious lead hazards should be entirely eiiminated. Unfortunately, 
increased occupational exposure cannot, as yet, be entirely eliminated 
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from all industrial operations. As control procedures improve it is 
likely that acceptable limits of ''safe" occupational exposure (Table 
6) will be lowered (16). The presence of chronic renal, bone or 
other metabolic diseases arc indications for terminating further occu- 
pational exposure to lead. Upon termination of exposure, medical 
foUowup should be t^ontinued in all patients for a period of time 
equivalent to twice the duration of abnormal exposure. Chelating 
agents should not be administered orally in the presence of continued, 
hazardous exposure. Oral EDTA increases the absorption of lead from 
the intestine. Comparable data for penicillamine are not available. 

Intosucation Due to Organic Lead Compounds 

Intoxication due to tetraethyl lead and tetramethyl lead presents 
a special problem (15). Exposure is limited entirely to the manu- 
facture, transport, and handling of these compounds in the petroleum 
industry up to the point where the concentrated material is mixed 
into gasoline as an antiknock additive. Cleaning and repairing of 
tanks used for storage of leaded gasoline may also be hazardous. 
The number of workers at risk is limited. Illness begins acutely with 
insomnia, wild and terrifying dreams, emotional instability and hyper- 
activity, and may progress to frank toxic psychosis. The hematologic 
abnormalities of inorganic lead poisoning are not found. Urinary lead 
excretion is very elevated but blood lead is only slightly high. No 
specific therapy is available. Chelating agents are not used. Heavy 
and prolonged sedation with short-acting barbiturates in hospital 
provide the most effective therapy available. Fluid and electrolyte 
balance must be carefully maintained and may be difficult due to 
the patient's hyperactivity. Convalescence may be prolonged and 
punctuated by recurrence of irrational behavior, The disease carries 
a mortality rate of approximately 20 per cent. 
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